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ABSTRACT 
 
The aim of this dissertation is to assess the feasibility of implementing alternative body 
disposal practices in Portugal, with particular emphasis on natural burial and alkaline 
hydrolysis. This assessment will be made from an historical, legal and public health 
standpoint. To properly fulfill this aim, it will be necessary to fulfill two intermediate goals—
trace the evolutive process of body disposal practices in Portugal and expose a general 
overview of the current body disposal landscape. 
 
In order to explore these matters, primary and secondary data was collected through 
contacts with entities such as cemetery and crematory administrations, and through a 
review of pertinent literature and legislation, both national and international in scope. 
 
The main conclusion we were able to draw from our historical and legal analysis is that the 
adoption of innovative body disposal practices such as alkaline hydrolysis in Portugal is 
highly unlikely, in the present moment. Natural burial, on the other hand, being essentially 
an adaptation of a practice already in use, benefits from a hazier legal status, which leads 
us to believe at least a partial application of its aims must be acceptable in the current 
context. 
 
Keywords: body disposal; Portugal; alkaline hydrolysis; natural burial; sustainable death 
practices. 
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RESUMO 
 
Tem a presente tese como objectivo primário estudar, dos pontos de vista histórico, 
jurídico-legal, e de saúde pública, a aplicabilidade em Portugal de processos de body 
disposal sustentáveis (hidrólise alcalina e natural burial) já utilizados noutros países. Este 
processo terá obrigatoriamente de passar por dois objectivos intermédios: traçar o 
processo evolutivo das práticas funerárias em Portugal e expor um quadro geral do 
panorama e tendências funerárias actuais. 
 
Para atingir os objectivos a que nos propomos, as metodologias utilizadas foram a análise 
bibliográfica, legislativa, e documental, assim como os contactos com entidades 
competentes, como administrações cemiteriais e de crematórios.  
 
As principais conclusões obtidas a partir da nossa análise mostram que não é provável, de 
momento, que se venham a adoptar práticas inovadoras de body disposal, como a hidrólise 
alcalina, em Portugal. Por outro lado, o natural burial, ao ser essencialmente uma 
adaptação de uma prática já em utilização, beneficia de um estatuto legal mais vantajoso, 
pelo que a aplicação dos seus pressupostos nos parece aceitável no contexto corrente. 
 
Palavras-chave: body disposal; Portugal; hidrólise alcalina; natural burial; práticas 
funerárias sustentáveis. 
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INTRODUCTION 
 
 As the world population grows, so the disposal of dead human bodies becomes a 
fundamental environmental issue, regarding land use, consumption of resources, waste of 
materials, and polluting emissions. This “necro-waste”, as Olson (2016) dubs it, has become 
an increasing source of public concern since the turn of the twenty-ﬁrst century, a concern 
which is particularly evident in the development of a “green funeral movement” in the 
western world (and particularly in the USA), which strives for less impactful body disposal 
practices. As Davies and Rumble (2012) argue, as society becomes more conscious of 
environmental concerns in general, it is understandable that such concerns will also transfer 
into the funerary field, creating a trend toward “greener” funeral products and services. 
Increasing interest in this matter has been encouraged by organizations with a heavy online 
presence, such as the California-based Order Of The Good Death, which holds green burial 
and funerary home care as part of its advocacy mission (Order of the Good Death, 2016); 
and by cultural products such as Mary Roach’s bestselling book “Stiff” (2004), which was, 
for many members of the general public, the first contact they’d ever had with alternative 
body disposal technologies such as alkaline hydrolysis. Documentaries such as “Dying 
Green” (2012) and “A Will for the Woods” (2013), depicting individual choices to not only 
live, but also die in environmentally-friendly fashion, have also contributed to bring these 
matters into the public eye.  
A meta-analysis conducted by Beard and Burger (2015), which analyzed major 
world news publications written about the funeral industry from 1987 through 2014, 
positioned environmentalist motivations as the third most relevant type of consumer-based 
motivation for change within the funeral industry—after cost-saving and individualism, but 
before consumerism. The authors argue that current changes in the funeral industry are 
being driven by two separate groups of motivations: Business-Related Motivations (BRM, 
which include the industry’s desire for a profit though the development of new products and 
services, and the industry’s shift towards sharing more information with potential customers 
in an attempt to appear more approachable) and Consumer-Related Motivations (CRM, 
which includes the consumer’s desire for more individualized funerals, more elaborate 
funerals, more cost-effective funerals, or the desire for eco-friendly body disposal options). 
Even though the analysis was mostly based on the North American reality, as we delve into 
the subject of body disposal practices in Portugal, it is likely all of these motivations will 
come into play 
In Portugal, the law predicts that, whenever a death occurs, a dead body can follow 
one of three paths—inhumation (a term used in Portuguese law to include three forms: 
ground burial, entombment in a mausoleum, or entombment in a “place of aerobic 
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decomposition”, essentially a loculus), cremation, or anatomical donation. Out of these 
three options, only the first two may be considered forms of body disposal—since donated 
bodies end up being disposed of through one of them, anyway—, and ground burial has, 
historically, always been the dominant practice. 
Ground burial is so prevalent, in fact, that recent years have been marked by media 
alarmism regarding the excessive occupation of cemeteries (“Cemitério de Vila Chã está 
lotado,” 2015, “Cemitério lotado,” 2007, “Cemitério lotado ‘proíbe’ população de morrer,” 
2007), a matter that was already being discussed in 1998, when the Decree-Law 411/98 of 
December 30, related to body disposal, mentioned “the serious problems that the saturation 
of cemeteries has been presenting to the entities responsible for administering them”. 
Cremation has, likewise, not been immune of criticism—just last year, a reputable 
Portuguese newspaper asked the question “is the increase of cremation an environmental 
problem?” (Garcia, 2015). 
 As if this scenario, so dramatically painted by the media, was not enough to justify 
a return to the academic discussion of body disposal practices used in Portugal, it is also 
worth mentioning that, due to the aforementioned “green funeral movement”, the recent 
years have seen an increase in innovations that promote themselves as less impactful and 
more sustainable, in the long term, than burial and cremation. We consider it relevant and 
useful to study these alternatives and what they offer, in terms of environmental and public 
health improvements, to our current landscape. 
The aim of this research is, then, to assess the feasibility of implementing alternative 
body disposal practices in Portugal, with particular emphasis on natural burial (an 
adaptation of traditional burial that aims to reduce the extraneous and occasionally harmful 
materials that accompany the deceased into the grave) and alkaline hydrolysis (a reductive 
chemical process through which tissues are dissolved in a solution of water and strong 
alkali). This assessment will be made from an historical and legal standpoint, that is, 
comparing what is proposed by these alternatives to what has been the development of 
body disposal practices in Portugal, both historically and in terms of legislative production. 
To properly fulfill this aim, it will be necessary to fulfill two intermediate goals—trace 
the evolutive process of body disposal practices in Portugal, from a legal and public health 
perspective; and expose a general overview of the current body disposal landscape. 
In order to explore these matters, primary and secondary data was collected through 
contacts with entities such as cemetery and crematory administrations, and through a 
review of pertinent literature and legislation, both national and international in scope. 
 We believe this research is relevant to the field of studies of Medicina Legal (Legal 
Medicine) for a variety of reasons. First of all, we believe this matter to be worthy of study 
because body disposal practices, both the ones currently in use and the ones we will 
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propose, have impacts on the environment and may, in the long term, have effects on public 
health. The combination of medical and legal knowledge is, therefore, vital to both 
understanding and dealing with this issue. Furthermore, assuming there will be one day 
enough knowledge to be able to establish causal relations between, for example, the 
presence of a crematory and an increase in a particular health condition, such matters may 
fall under the jurisdiction of Clínica Médico-Legal Cível (literally translated as Civil Medico-
Legal Clinic), a branch of Portuguese legal medicine dedicated to the evaluation of bodily 
harm in order to establish civil responsibilities. Should that responsibility fall to an employer, 
then such matters may fall under the jurisdiction of another branch, dedicated solely to the 
evaluation of bodily harm which has occurred in a professional setting (Clínica Médico-Legal 
do Trabalho). 
 On the other hand, we also consider it worth mentioning that, regarding the act of 
body disposal itself, the interconnection of funerary and forensic knowledge is an 
advantageous one, for it allows for a better understanding of post-mortem phenomena. 
Knowledge acquired in a forensic context may be useful to the resolution of, for example, 
decomposition problems in cemeteries; conversely, it is also possible that the study of the 
particular context of a cemetery, where countless dead bodies are consistently placed in 
order to decompose, may further the comprehension of the influence of certain variables on 
the post-mortem transformations that occur on the body.  
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CHAPTER 1 
HISTORICAL AND LEGAL EVOLUTION OF BODY DISPOSAL PRACTICES IN 
PORTUGAL 
 
Throughout history, most societies have created and employed different rituals 
whenever a death occurs. The purpose of these rituals is to not only commemorate the lost 
member of the community, but also to dispose of their dead body in a way that is both 
respectful and meaningful, in the context of that community’s beliefs. 
Historically, the most common form of body disposal in Europe, including Portugal, 
has always been burial—though the 19th century saw the rise of an organized movement 
to establish cremation as a viable alternative, which has in the past few decades become 
the most common form of disposal in some countries (Garcia, 2015). 
 
1. A timeline of body disposal practices in Portugal 
 
This chapter aims to streamline the evolution of body disposal practices in Portugal, 
not simply from a social and historical perspective, but from a legal perspective. It is worth 
mentioning that the progress we will describe should be taken as a simplification, for the 
evolution of body disposal practices in Portugal was remarkably complex, and not 
necessarily subject to a linear chronology. In the first part of his work dedicated to the 
evolution of cemeteries throughout the times, Dias (1963) divides Portuguese history into 
two main periods: pre-1835 and post-1835. Because we are mainly concerned with the 
modern cemetery, and in order to further simplify the chapter at hand, we will focus on the 
second half of his division, the post-1835 period. 
 
1.1. The 1830s and the shift from churchyards to cemeteries 
 
For a history of the modern Portuguese cemetery, one must begin in the early 19th 
century1. Up until the 1830s, the Portuguese dead were expected to find their final rest in 
the proximity of God, either inside the temples, or outside them, in the churchyards (Sousa, 
1994). Burials took place in or around parish churches, and this was the case both in the 
cities and in the countryside. The practice was so widespread that Dias (1963) argues that 
every church and cathedral in Portugal is, even today, testimony to that fact, for we would 
be hard-pressed to find one of early construction “which has not collected and preserved 
the mortal remains of our ancestors” (p. 76). If there was no space for all within the 
                                                          
1 For a thorough look at the history of Portuguese cemeteries during this period, see (Queiroz, 2002). 
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churches, only the wealthy would receive the preferential treatment of lying under the 
church roof, the majority of parish members being buried in the churchyard, either in 
communal or individual graves (de Pina Cabral & Feijó, 1983). It is worth noting, though, 
that this is in many ways an oversimplication—there were many exceptions to this rule, and 
many variants were observed throughout the country. 
Church burial, which had for centuries been the most common form of burial in 
Catholic countries (Reimers, 2015), fell under heavy criticism in Europe from the 18th 
century onwards, as a new attitude towards death emerged. In order to understand this 
change, we have to refer to the ideological context within which it took place. The idea that, 
once the flow of life had ceased, bodies started to decompose, liberating miasmas 
(“infectious or noxious emanations”, according to the Oxford English Dictionary), was very 
popular among the authors of the late 18th and early 19th century. These “emanations” 
were seen as a threat to public health, since they had the power to fill the air and gain a 
hold over every living creature they touched. Therefore, and because the 18th century had 
witnessed the growing impact of the concept of “preventive medicine” on medical thought, 
contact between the living and the dead was to be avoided, and dead bodies isolated and 
kept where their miasmas would not reach the living. To this end, the maintenance of public 
health called for the intervention of state authorities in the realm of the dead. 
Although the Portuguese state had already tried to regulate death and cemeteries, 
the first legislative attempt of any consequence can be traced back to June 18 1833, when, 
motivated by the cholera epidemic of the 1830s, a law was approved with the intent of 
forbidding burials inside churches or convent cloisters. Already since April of the same year, 
two sites in the city of Lisbon had been functioning as burial grounds due to the same 
epidemic—these would, later, become the first municipal cemeteries in the city, Prazeres 
and Alto de São João (Catroga, 1999). In Porto, Portugal’s second city, the year of 1833 
also brought forth innovations, with the intelligentsia determining the urgent need for the 
creation of a public cemetery in the city. The effects of this demand were not as hasty as in 
Lisbon, and the city’s first public cemetery, Prado do Repouso, was only founded in 1839 
(Sousa, 1994). 
The next step in the regulation of burial and cemeteries was taken in September 21, 
1835. No longer relying solely on health-related arguments, this 1835 law appealed to the 
theological concerns of the people to demonstrate the inappropriateness of church burial. 
It described the traditional practice of burying the dead in and around churches as 
“superstitious” and “offensive to the respect and veneration due in holy places” (de Pina 
Cabral & Feijó, 1983, p. 25). Fonseca Magalhães, the minister who submitted the bill, then 
proceeded to quote the Catholic bans on church burial made by the councils of Braga (563), 
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Meaux (845), Tribur (895) and Reims (1117), in this way demonstrating not only theological 
erudition, but also a willingness to collaborate with Catholic values (ibid.). 
The text of this 1835 law can be summarized as follows: in every town there should 
be established a public cemetery, far from dwelling areas (minimum distance of 143 
meters); each body was to be buried in a separate grave (minimum depth of 125 cm); the 
site should be large enough to accommodate five times the yearly average of local deaths; 
around it, a wall should be erected (minimum height of 225 cm). Furthermore, any priest 
allowing a dead body to be buried outside the public cemetery would be deprived of his job 
and become unable to be appointed to any other (Catroga, 1999; Dias, 1963). 
Two innovative aspects are noteworthy in relation to this new proposed funerary 
scenario. First, even though the new cemeteries were supposed to be built apart from the 
populated areas, Catholic consecration would be conducted in the new burial sites, 
essentially transforming them into extensions of the church in each particular community. 
Second, the dead would be buried in separately marked graves belonging to different 
families—in practice, neighbors would no longer pray in a group as they had in churches 
and churchyards; they would no longer pray for the parish dead, but for “their own dead” 
(de Pina Cabral & Feijó, 1983, p. 30). Here, we see a growing concern for the symbolic 
affirmation of each person’s identity and individuality (Catroga, 1999), an important feature 
of cemeteries in general—in the sense that, by individualizing and marking the grave, 
sometimes even with the construction of a monument, “the identity of the deceased can be 
enshrined in the site’s internal order” (Rugg, 2000, p. 261)—, and of 19th century 
Romanticist cemeteries in particular, in part due to the social value the Bourgeoisie placed 
on the preservation of individual memory (Queiroz, 2003). 
Nevertheless, despite this well-intentioned 1835 law, it would be long before the 
individual grave became the new status quo. By the end of the 19th century, mass graves 
were still widely used in Portugal—in the Prazeres and Alto de S. João cemeteries, in 
Lisbon, 30.10% and 60.40% of all dead bodies, respectively, were placed in mass graves 
in the period between the years 1874 and 1878 (Catroga, 1991). Catroga theorizes the 
difference in percentages may be due to the population served by each cemetery, with Alto 
de S. João serving a primarily working-class area—and therefore, the people more likely to 
end their days in a mass grave, due to a lack of financial means and social status. 
 According to Queiroz and Rugg (2003), the 1835 law must be understood under the 
assumption that, if the cholera epidemic had shifted the dead from the church to the burial 
ground, it made sense to pass further legislation to keep them there. However, relocation 
back inside the walls took place quickly after the epidemic and the accompanying wave of 
panic came to an end. Throughout the first half of the 19th century, it remained the case 
that popular use of cemeteries was exceptional, particularly outside the larger towns, for the 
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legislative requirement to lay out new sites for burial had made uneven progress (ibid.). 
According to Catroga (1999), the attitude of the population regarding the new cemeteries 
provides one of the best examples of the hiatus that commonly exists between the cultural 
projects laid out by intellectual elites and the dominant, popular mentality (which is likely to 
be both conservative and unaware of the source of such innovations, in this case, the 
cemetery reform already in full swing in countries such as England and France). 
 
1.2. The 1870s, incomplete application of the cemetery law, and the emergence of 
cremationist discourse 
 
Public resistance to the enactment of the 1835 law, including its following updates 
and alterations, was very strong outside the larger towns (a reality we must analyze in 
context, for 19th century Portugal had no more than 30 cities, and even by 1864, only Lisbon 
and Porto boasted more than 50 000 inhabitants [Veiga, 2004]). It comes as no surprise, 
then, that by 1862, an average of 31% of the population was still being buried in churches 
(de Pina Cabral & Feijó, 1983). This average masks, nevertheless, considerable variation, 
with a sharp North/South and rural/urban divide—the more rural and Catholic North with 
higher percentages of church burials (up to 93% in Braga), and the more urban South, 
where the Catholic influence has been historically weaker, with lower percentages (with as 
little as 0.8% in Lisbon) (Catroga, 1999). By 1875, most of the major towns in Portugal had 
a public cemetery, though in many instances, the new sites did not respect requirements 
regarding the distance from populations, and were built just meters from the local church 
(Queiroz & Rugg, 2003). 
The 1870s are also relevant for the emergence of cremationist discourse, for despite 
earlier attempts at breaching the subject, it was not until this decade that the issue began 
being discussed in a more overt way by doctors and politicians (Queiroz, 2005), 
undoubtedly under the influence of the scientific and freethought2 debates happening 
throughout Europe (Catroga, 1999). Even so, Catroga argues that one cannot truly speak 
of a “cremationist movement” in Portugal, for it never truly achieved the size and strength 
of one.  
The arguments in support of cremation used in this decade regarded mainly 
hygiene, public health, and the maintenance costs caused by the expansion of cemeteries. 
In 1876, for example, when the matter of enlarging the metropolitan Prazeres cemetery 
came up, the Marquis of Sousa Holstein, recovering the ideas behind his own previous 1857 
                                                          
2 Here we refer specifically to the philosophical viewpoint which emerged toward the end of the 17th 
century in England, and which holds that one should only uphold beliefs which are based in logic, 
reason, and empiricism. 
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argument, publicly proposed the burning of all dead bodies as an alternative solution 
(Queiroz, 2005). Likewise, doctors such as Bernardino Passos awarded “academic dignity” 
(Catroga, 1999, p. 280) to the subject when they published dissertations on the subject of 
cremation, firmly in line with European hygienicists who battled for the introduction of 
optional cremation in the West (Passos, 1878). Ideological motivations were mostly silenced 
during this period (Catroga, 1999), giving precedence to hygiene and public health 
arguments. 
Meanwhile, reputable doctor and researcher Ricardo Jorge elected to analyze air 
and water at cemeteries in Lisbon and Porto with the aim to prove concerns regarding their 
impact on public health were unfounded. According to his conclusions, the air around the 
cemeteries was pure and the groundwater was harmless, and so would always be the case, 
so long as land was correctly chosen and all other sanitary prescriptions observed (Jorge, 
1885). His conclusions took a considerable time to spread—and it could very well be argued 
that, even a century later, not all of them have—, but eventually he succeeded in dismantling 
some cremationist proposals, which up until then had been based exclusively on medical 
axioms, and could not hold their own against such a thorough deconstruction of their 
premises (Queiroz, 2005). By the close of the nineteenth century, then, cremation became 
more and more of an ideological matter, commonly held as a symbol of the rights of freedom 
of conscience and choice—an argument which Catroga (1999) believes may have heavily 
motivated its eventual introduction into the Portuguese legal system in 1911, just one year 
after the republican revolution that ended the monarchy and installed, in its place, a young 
and somewhat anti-clerical republic. 
 
1.3. The 1910s and the legalization of cremation 
 
 As stated, cremation was legalized in Portugal in the Código de Registo Civil (Code 
of Civil Registry) of February 18 1911, in the aftermath of the republican revolution of 1910, 
which marked the end of the monarchy (Queiroz, 2005). The main intention of this Code 
was to create a national civil registry, henceforth binding the individual to the state and not 
simply to religion, as had been the case up until then (Xisto, 2012). 
This Code stated, then, that cremation of dead bodies would be allowed, but work 
could not begin on any crematory without a permit from the Governador Civil (Civil 
Governor) and the Conselho Superior de Higiene (Superior Council of Hygiene) (Catroga, 
1999). Cremation would have to take place in crematory ovens placed in cemeteries, and 
the family of the deceased would be responsible for filing the request for cremation, which 
was composed of four separate documents—a request made by the closest relative of legal 
age; a certificate from the physician who had observed the deceased, stating the death had 
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occurred due to natural causes; confirmation by a delegado ou subdelegado de saúde (a 
health representative) that there was no objection to the cremation; a permit for 
transportation of the body, should the cremation take place outside the town where the 
death had occurred (Xisto, 2012). 
 Ashes should be deposited in a cinerary urn and buried in an individual or familiar 
grave, or placed in a mausoleum, ossuary, or “general deposit” established by the cemetery 
administration—a concept which Xisto (2012) considers may have been an early reference 
to a columbarium. The contemporary concept of allowing the family to carry the ashes away 
from the cemetery was by then unheard of. 
 Plans for the construction of the country’s first crematory—in Lisbon’s Alto de São 
João cemetery—began the next year, but the work was only completed on November 1925, 
thirteen years later (Xisto, 2012). 
 The crematory in the Alto de São João cemetery functioned for 11 years, during 
which only 22 cremations were conducted (a figure which includes a non-voluntary 
cremation for testing purposes, the very first one). Most of the bodies cremated were those 
of foreigners who had died in the country (Catroga, 1999). It is also worth noting there was 
no discernible pattern in the solicitations, with none taking place between 1927 and 1932. 
These numbers show, unequivocally, that the first crematory in Portugal was established 
by, and for, a very small group of people whose interests did not reflect those of the overall 
population—who, at least in less urban areas, was still getting used to the new form of burial 
brought forth by the legal revolution of the previous century (Queiroz, 2005; Xisto, 2012).  
 
1.4. The 1930s and the practice of cremation under the Estado Novo 
 
 In 1936, three years after the consolidation of the authoritarian regime Estado Novo 
(New State), the Alto de São João crematory was closed. It did not reopen again until 1985, 
although three bodies were cremated in this period—once again, all three were foreigners, 
which may justify the exceptional circumstances of their cremation (Queiroz, 2005). 
 Despite having no practical expression, cremation maintained its legal status during 
the 41 years Portugal spent under this authoritarian regime—inclusively, the Decree-Law 
41967 of November 22 1958, which updated the previous Code of Civil Registry (dated 
1932, therefore pre-Estado Novo), stated that from then on, no cremation could be 
conducted without a document from the deceased, stating his or her will to be cremated 
(Xisto, 2012). Nevertheless, considering the fact that the country’s only crematory was 
closed, it was unlikely any cremations could be conducted at all. 
The period of effect of the Estado Novo also coincided with the change of position 
of the Catholic Church regarding the matter of cremation. According to an article by Father 
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Edward McNamara, “in 1963 [...] the Church recognized that in the vast majority of cases 
those seeking cremation were no longer doing so as a means of denying the bodily 
resurrection but for mostly practical purposes” (McNamara, 2014). This was the basis for 
the current 1983 Code of Canon Law, which states that the Church recommends the custom 
of burial, but does not forbid cremation, unless chosen for reasons which are contrary to 
Christian teaching. 
 
1.5. The 1960s, the Decree 44220, and the birth of contemporary funerary legislation 
 
The next relevant document in Portuguese cemetery law was also created under the 
authoritarian regime. The Decreto (Decree) 44220, of March 2 1962, defines the norms for 
the construction and policing of cemeteries, and it is particularly relevant for the fact that it 
is still in effect today3, 54 years after its approval.  
This Decree’s introductory text focuses heavily on deconstructing the mindset of its 
predecessors, which, as we have seen, relied heavily on elitist ideals and hygienist 
arguments—which were by then outdated, as the Decree itself states, claiming “the sanitary 
concepts are not currently as they were” (inclusively, the Decree cites the studies conducted 
by researcher Ricardo Jorge in 1885, which we have mentioned in previous sections for 
having shown cemeteries were not, in fact, a public health hazard). This Decree challenges, 
then: the measures regarding the isolation of cemeteries from inhabited areas; the 
obligation to limit all cemeteries with walls with a minimum height of 2.2 meters; the belief 
that the use of waters in the vicinity of cemeteries was inherently dangerous; and the high 
financial costs of cemetery administration, which motivated the Decree to adopt a position 
of simplification towards the prerequisites for the construction of cemeteries. 
For the purposes of analyzing the legislation currently in effect, we shall explore the 
dispositions of this Decree, in depth, in the next chapter. 
 Following the 1962 Decree, by far the most relevant next step in our mortuary history 
was the reactivation of the Alto de São João crematory in 1985. Though this was preceded 
by three years by the Decree-Law 274/82 of July 14, which regulated trasladação (a term 
we consider appropriate to translate as “relocation”, referring to situations where a body 
which has been buried must be transferred or otherwise moved) and cremation, it is unclear 
whether the two are connected. 
                                                          
3 Nevertheless, the Decree 44220 has been altered four times since its creation, in the following 
documents: Decree no. 45864 of August 12 1964 (rewrote articles 22nd and 27th); Decree no. 463/71 
of November 2 (rewrote article 4th); Decree no. 857/76 of December 20 (rewrote article 27th); 
Decree-Law no. 168/2006 of August 16 (rewrote articles 1st and 4th). 
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The first few years post-reactivation were marked by, once again, a majority of 
cremations of foreigners, but the tendency was inverted in 1988, and by 1998, cremation 
already represented 11% of funerals in the city of Lisbon (Xisto, 2012). 
In December 1995, ten years after the reactivation of the Alto de São João 
crematory, permission was granted to open a new crematory in the Prado do Repouso 
cemetery, in the city of Porto—the largest city in northern Portugal.  
 
1.6. The 1990s and the centralization of body disposal legislation 
 
 The following law of relevance, the Decree-Law 411/98 of December 30, was 
approved in 1998 and aimed to centralize Portuguese funerary law in a single legal 
document, therefore establishing “the juridical regime of removal, transportation and 
cremation of dead bodies, dead fetuses, and anatomical pieces, and removal and 
transportation of bone remains and ashes”. Although it did revoke some articles from 
Decree 44220, it did not replace it fully, and so it stands that these are, today, the two main 
legal documents regulating death practices in Portugal4. 
The DL 411/98 fully abandons the hygienist concerns of its predecessors—in fact, 
the term “public health” is only used once, and it concerns those dead bodies which, for 
some reason (e.g. an infectious disease), present a danger and must be disposed of as 
soon as possible. In this regard, it is clear that the DL 411/98 has distanced itself from its 
predecessors and their conceptualization of dead bodies in general as a public health 
hazard, in line with scientific consensus that dead bodies are not, in and of themselves, 
dangerous. 
Also importantly, the DL 411/98 marks the recognition of burial and cremation as 
equally valid practices, dismissing the concerns of previous laws, such as the need for pro-
cremation declarations from the bereaved (as in 1911) or the deceased (as in 1958). It is 
also this legal document that introduces the legal concept of “place of aerobic 
decomposition”, essentially a form of entombment above ground where bodies are placed 
in stacked outdoor compartments or niches (the most accurate term, is, perhaps, loculi), 
which are then closed with a stone slab. It is important to note that, technically speaking, 
we can find predecessors to this form of entombment in many Portuguese cemeteries—the 
19th century municipal mausoleum in the Agramonte cemetery, in the city of Porto, which 
features individual loculi in its outer walls, is one possible example. Nevertheless, we can 
argue that the inclusion of this “new” legal concept in the DL 411/98 fulfills the purpose of 
                                                          
4 Similar to the Decree 44220, the DL 411/98 has suffered a few alterations: Decree-Law 5/2000 of 
January 29; Decree-Law 138/2000 of July 13; Law 30/2006 of July 11; Decree-Law 109/2010 of 
October 14; Law 14/2016 of June 9. 
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legitimizing and generalizing this form of entombment due to its practical advantages—for 
stacked loculi occupy less space that individual graves, and the DL 411/98 was clear in its 
concern for “the serious problems that the saturation of cemeteries has been presenting to 
the entities responsible for administering them”. 
 
1.7. The 2000s and legislation on the funeral business 
 
 The final piece of legislation we will explore is the Decree-Law 206/2001 of July 27, 
regarding the activity of funeral businesses, most commonly known in Portugal as funeral 
agencies. It was later revoked by the Decree-Law 109/2010 of October 14, which aimed to 
adapt the funeral business to general, newer business laws. The greatest change it 
introduced was that it allowed private funerary entities to manage cemeteries, through 
public service concessions, and to manage chapels and funeral centers, therefore allowing 
companies in the sector to expand their activity and offer new services to the public. One 
such activity, thanatopraxy, was later regulated in 2015, in the Portaria 162-A/2015 of July 
1. 
 
2. The current state of funerary law 
 
 Let us then, summarize the current state of funerary law in Portugal, based on the 
laws currently in effect—the Decree 44220 of March 3 1962, which regulates the 
construction of cemeteries; the Decree-Law 411/1998 of December 30, with regulates the 
practices of burial and cremation; the Decree-Law 109/2010 of October 14, which regulates 
the activity of funeral businesses; and finally, though we have not mentioned it yet, the 
Decree 48770 of November 22 1968, which sets a model of Regulations for all local 
cemeteries to adapt and publish as their own. 
 The Portuguese law predicts, then, two forms of body disposal, which are defined in 
the DL 411/98. These are inhumation, which consists of the placement of a dead body “in 
a grave, mausoleum, or place of aerobic decomposition”, and cremation, which is defined 
as the “reduction of a dead body or bone remains to ashes”. We shall henceforth use the 
term “inhumation” to refer to the Portuguese legal concept5, including all three options, and 
the term “burial” to refer to the specific act of placing a dead human body in the ground. 
                                                          
5 Etymologically, the verb “inhume” derives its origin from the Latin “inhumare” which means, literally, 
to put into the humus (the ground). It shouldn’t, therefore, apply to the placement of bodies above 
ground, but in the spirit of following the Portuguese legal convention, we have made the decision to 
use it with that meaning. 
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 While inhumation in the ground and in a mausoleum are both regulated by the 1962 
and 1998 Decrees, the DL 411/98 states the use of crematories and places of aerobic 
decomposition should obey the rules and regulations defined by specific laws, issued by a 
work group composed of members of various Ministries—nevertheless, as of June 2016, 
no such documents have been published, creating a legal vacuum. 
 Regarding inhumation (all three forms of it), it cannot take place outside public 
cemeteries, although a few exceptions are listed in article 11th of the DL 411/98 (notable 
personalities may be buried in the National Pantheon, for example, just as people from 
certain nationalities, confessions, or religions may be buried in alternative locations, with 
due permission from the respective city hall). It is worth noting that, due to the alterations 
introduced by the DL 109/2010, cemeteries may only be planned and built by public entities, 
such as city halls (Câmaras Municipais) and civil parish boards (Juntas de Freguesia), but 
they may be managed and administered by private entities, through public service 
concessions. All cemeteries are still, therefore, of public origin, even if they are not always 
publicly managed6. 
 Regarding all forms of body disposal, no body may be buried, cremated, sealed in 
a metal coffin, or placed in a mortuary refrigerator until 24 hours have passed since the 
death. All bodies must then be disposed of within the following timeframes: 72 hours after 
death, in cases in which the body has been immediately delivered to the family; 72 hours 
after entry in Portugal, in cases in which the body has been carried from a foreign country; 
48 hours after autopsy, if applicable (Nascimento & Trabulo, 2008). All of these timeframes 
may be shortened it is considered the body represents a danger to public health (e.g. due 
to an infectious disease). 
 
2.1. Regulations on cemetery construction 
 
 As we have seen, cemeteries may only be built by Câmaras Municipais or Juntas 
de Freguesia, who decide on their location, and who should then elaborate rules and 
regulations for their management, according to a model presented in Decree 48770. 
Cemeteries should be as regularly-shaped as possible (this is stated in the Decree 
44220, but what it means is not clarified), and limited by walls, fences, or hedges at least 
                                                          
6 There is one exception to this rule, which is the existence of private cemeteries, established prior 
to 1835, still in use today. The British cemetery in Lisbon is one such example, for it has been 
functioning since the beginning of the 18th century, with some headstones dating back to the 1720s 
(Queiroz, 2003). Likewise, the first burial in the British cemetery in Porto took place in 1790 (St James 
Anglican Church Porto, 2016). Also in Porto, Lapa cemetery was established by the religious 
brotherhood Irmandade da Lapa, next to its church, in 1833 (Queiroz, 2003), and it maintains this 
private status to this day. 
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1.5 meters tall, with a maximum height of 2 meters. The main entrance should feature a 
gate at least 2.50 meters wide. Unlike previous laws, which stated cemeteries should be 
built as far away as possible from populations, current cemeteries must be built “not too far 
off”, in order to facilitate the mourning rituals. In case there are buildings around the 
cemetery, 10 meters should be left unoccupied between them and the cemetery. In case 
there are wells, fountains, or water courses nearby, precautions shall be applied (the 
practical meaning of this is also unclear).  
All cemeteries must be constructed to accommodate specific areas, such as: 
temporary graves (generally renewed after three years, although longer resting periods may 
be allowed, or even imposed, by municipal regulations), perpetual graves and mausoleums 
(which can be owned in perpetuity, following a transaction regulated in municipal 
regulations), ossuaries, paths (including gaps between the graves), and green spaces, 
should the entity responsible for the construction wish to include them. If necessary due to 
the magnitude of the population served, a cemetery may also include a chapel, autopsy 
room, administrative offices, public bathrooms, and whatever other facilities are needed. 
Even though the DL 411/98 has introduced the concept of places of aerobic decomposition, 
the previous bill has yet to be corrected to include them in this list, either as mandatory parts 
of the cemetery or optional ones. 
 The Decree 44220 does not present specific percentages one should dedicate to 
specific parts of the cemetery, with two notable exceptions: paths should occupy 30% to 
50% of the space dedicated to graves, and green spaces should occupy no more than 30%. 
Paths are particularly well-regulated: there should be at least two, straight, a minimum of 3 
meters wide, intersecting in the center of the cemetery. Smaller paths must be at least 2 
meters wide, and a narrower path, at least 1 meter wide, should follow the inner perimeter 
of the cemetery. All paths should be made of resistant materials, capable of withstanding 
traffic and erosion without producing dust or mud. There are, as stated, no guidelines for 
how much space should be occupied by temporary or perpetual graves, mausoleums, or 
ossuaries, though it is considered the relation between these spaces should be calculated 
based on percentages from nearby cemeteries. 
 Graves, either temporary or perpetual, should be grouped into plots (a usually 
rectangular section of the cemetery, limited by paths) of up to 90 graves. In large cities, this 
number may be extended to 300 graves per plot. According to Decree 44220, the minimum 
dimensions for a grave are the following: 2 meters long, 65 cm wide, 1.15 meters deep. A 
gap of at least 40 cm should be enforced between all graves, with at least one 60 cm wide 
access to all graves. Although such regulations may seem reasonable, it is worth 
mentioning that many Portuguese cemeteries established before the aforementioned 
decrees do not yet comply with them, particularly in what concerns paths and access to the 
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individual graves. Likewise, it is possible to find cemeteries which, having been built 
according to the regulations, ended up deviating from them due to a lack of available burial 
space within the originally allocated plots. 
Dimensions are also set for mausoleums and ossuaries, but since this dissertation 
is primarily concerned with ground burial, we shall not explore them further.  
 
2.2. Regulations on burial 
 
 Regarding ground burial, we have stated there are two types of graves (temporary 
and perpetual), and current laws state they may not be opened until 3 years since burial 
have passed, unless by judicial mandate. 
In temporary graves, should the body have been reduced to bones after this period, 
the bones may be removed or buried at greater depth, and a second burial may take place. 
If, after 3 years, the body is not yet fully skeletonized, it should be reburied for successive 
periods of 2 years until its full decay. Prior to 1998, the resting time had been of 5 years, 
but, according to the introduction of the DL 411/98, a reduction of this period was long 
overdue, due to the saturation of the cemetery grounds, in particular those serving great 
urban areas. In their interpretation of this law, Nascimento and Trabulo (2008) consider that 
3 years may not be enough to complete the decomposition of the body. Due to a lack of 
information on this matter, we contacted the municipal cemeteries in the cities of Lisbon 
(Alto de São João, Ajuda, Benfica, Carnide, Lumiar, Olivais, e Prazeres) and Porto 
(Agramonte e Prado do Repouso). From Lisbon, we were told the 3-year resting time was 
only respected once, from 1998 to 2001. When these first 3-year temporary graves were 
opened, it was verified that the period in question was not enough to warrant the full 
decomposition of the body, after which the Lisbon city hall determined that, in municipal 
cemeteries, the resting time would return to a period of five years (this can be confirmed 
through consultation of the Regulation of Municipal Cemeteries, found in Edital 60/84). From 
Porto, we were told temporary graves may be kept for an initial resting time of up to five 
years, although exhumation after just three is also allowed (we were only able to confirm 
this latter part in legislation, in section D-5 of the Código Regulamentar do Município do 
Porto). We were also sent statistics regarding exhumations conducted in the two municipal 
cemeteries in the period 2006-2015 (Table 1). 
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Agramonte Prado do Repouso 
Exhumations: Decomposition not 
complete: 
Exhumations: Decomposition not 
complete: 
4 143 2 641 4 712 2 572 
100% 63.75% 100% 54.58% 
Table 1 
Exhumations conducted in the municipal cemeteries of Porto in the period 2006-2015 and state of 
skeletonization of the bodies 
 
We were unable to obtain further information, so we cannot affirm whether the 
exhumations reported above were conducted after the three-year period, the five-year 
period, or perhaps even due to judicial mandate (meaning, potentially even before the end 
of three-year period). We can, nevertheless, affirm that, in Agramonte, 63.75% of 
exhumations did not find completely skeletonized bodies, and the same can be said for 
54.58% of exhumations in Prado do Repouso. We can also conclude that, despite the 
insistence of the DL 411/98 in reducing the resting time to 3 years, cemeteries may find it 
more suitable to maintain the 5-year resting period in their municipal regulations, in order to 
assure that bodies are not unearthed too early in the decomposition process. Variables 
such as the type of soil in the cemetery or the materials routinely buried with the bodies may 
have a significant influence on the decomposition process (a subject we will return to in 
coming sections), so it would make sense for individual cemeteries to set a resting time that 
takes these particularities into account. Nevertheless, because this was merely a 
preliminary request for information, further study is necessary on this matter. 
In what regards perpetual graves, these may be opened for newer burials before 3 
years have passed, but only if the previous burial has taken place in a metal coffin (lead 
was used up until 1976, but only zinc is currently allowed) which has been buried below the 
minimum 1.15 meter depth. The one placed above can be either made of wood or metal, 
but it’s worth noting only two metal coffins can be buried in the same grave at the same 
time. Alternatively, assuming all the coffins which have been buried in a particular grave are 
made of wood, and the resting time of 3 years is always respected, there is no limit to the 
amount of successive burials one may conduct in a perpetual grave. 
It is worth noting that, according to the alterations brought forth in 1976 to the Decree 
44220, buried metal coffins (both lead and zinc were allowed at the time) cannot be opened 
under any circumstances, unless by judicial mandate. There are, however, two exceptions: 
DL 411/98 states the cemetery administration may open burial metal coffins (including lead 
coffins which have been buried before the 1976 change in legislation), if the aim is to 
cremate the body and/or bone remains; likewise, Decree 48770 states that if a perpetual 
grave has been abandoned or otherwise not paid for, it is possible for it to be treated as a 
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temporary grave, allowing the cemetery administration to remove the coffins (including 
metal ones) and remains within in order to facilitate a new use of the space. 
 We must also stress that the types of coffin one may use in a Portuguese cemetery 
are also regulated. In perpetual graves, bodies may be buried in wood or zinc coffins; in 
temporary graves or places of aerobic decomposition, only wood coffins are allowed. 
Furthermore, on the issue of temporary graves, Decree 48770, which exposes the model 
for the Regulations of municipal cemeteries, states “dense woods of difficult deterioration 
or in which tinctures or varnishes which slow its destruction have been applied” are to be 
avoided (article 18th). One can infer from this that the artifacts placed on temporary graves 
should not hinder decomposition—however, there is no word on whether bodies which have 
been subject to thanatopraxy, which was regulated in 2015, are allowed in these types of 
graves. 
 It is worth adding that Decree 48770, mentioned above, also states that all dead 
bodies destined to inhumation shall be enclosed in coffins, on the inside of which will be 
placed 20 or 80 liters of quicklime (calcium oxide), depending on whether the coffin is made 
of wood or metal (article 7th). 
 
2.3. Regulations on cremation 
  
According to the DL 411/1998, cremation may be conducted in a cemetery which 
contains equipment compliant with the rules defined in a legal document that, as we have 
stated, has yet to be published. This article was later revoked by the DL 109/2010, which 
states cremation may be conducted in a cemetery or funerary center, which is defined as a 
building (either publicly or privately-owned) dedicated exclusively to the offering of funerary 
services, which may include: temporary preservation and preparation of bodies for viewing 
(thanatopraxy), the celebration of funeral rituals, and the cremation of bodies, either recently 
deceased or exhumed. The matter stands that funerary centers should comply with the 
same regulations as crematories, but, as stated, said regulations have yet to be published. 
In practice, although cremation is somewhat regulated in DL 411/98, with particular 
emphasis on the treatment of ashes, there are no laws regulating the activity of crematories 
in Portuguese territory, a state of affairs which has been brought to light, due to 
environmental concerns, by a piece of news in a reputable Portuguese newspaper (Garcia, 
2015). 
 This is what has been established, then: cremation may be conducted on recently 
deceased bodies, exhumed bodies, bone remains, dead fetuses, and anatomical pieces 
(we assume this refers to body parts which have been preserved for teaching purposes, 
though the law is unclear). If a body has been subjected to an autopsy, it can only be 
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cremated with permission from the judiciary authority. The DL 411/98 also states bodies 
destined for cremation must be placed in the crematory oven in wood coffins which are 
“easily destructed by the action of heat”. 
 The ashes resulting from cremation may be placed (inside an appropriate container, 
which is defined as any container where it is possible to transport the ashes in safe and 
respectful conditions) in a grave, mausoleum, ossuary or columbarium; or delivered (also 
inside an appropriate container) to those who have requested the cremation, usually the 
family, to do with them as they please, with no further regulation from the state.  
 
3. The current status of funerary practices in Portugal 
 
 In this section, we aim to present a summary of the current state of funerary practices 
in Portugal. The information presented was gathered from previous studies and our own 
requests for information, sent to the competent institutions—however, it paints an 
incomplete picture of the Portuguese reality, for some information was impossible to 
confirm, being unavailable both to the public and to researchers. 
 This is, then, what is possible for us to present. In 2014, 104 843 deaths were 
registered in Portugal (“Óbitos de residentes em Portugal: total e por sexo - Municípios,” 
2016). For the same year, a reputable Portuguese newspaper reported 13 647 cremations, 
which, according to them, represented 13.7% of deaths (Garcia, 2015). 
 The number of cremations registered in a year is relevant not only because it 
presents a look at the evolution of the practice in our country—which, as we have seen, is 
quite recent—, but also because, in the current conjuncture, it is the simplest way of 
understanding how many of our dead are disposed of via each of the options currently 
allowed. Theoretically, because the Portuguese legal system predicts only two forms of 
disposal, inhumation and cremation, arriving at one number from the other should be a 
simple enough calculation. Nevertheless, with the data currently available, such calculations 
will always present an error, for short of consulting with every cemetery in each of the 308 
municipalities in the country (a work which, albeit interesting, far outweighs the resources 
and scope of the present dissertation), there is currently no way to arrive at the breakdown 
of body disposal among forms of inhumation—in a grave, in a mausoleum, or in a place of 
aerobic decomposition. 
We must point out, then, that the news article cited above did not present the overall 
number of deaths used to calculate the 13.7% value, and the numbers from the two sources 
do not add up. Either 13 647 cremations represent 13.02% of all 104 843 deaths claimed 
by the first source, or 13.7% of a potential 99.613 deaths. Unsure, we consulted different 
sources to try and understand the source of the error—a second source claims 104 790 
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deaths were registered among residents in Portugal (Instituto Nacional de Estatística, 
2015b), which represents a difference of a mere 53 deaths between sources.  
We attempted, likewise, to confirm the number of cremations for the year 2014, but 
because our contacts did not produce an answer from many of the competent institutions, 
we were unable to reach a total number. A private institution with ties to funeral business 
associations has recently published a breakdown of the number of cremations in recent 
years, and although their research culminated in a wider range of answers, they too were 
unable to reach a representative result (Gomes & Palma, 2015). They report 11 882 
cremations in 2014, but missing data makes it impossible to calculate how many have been 
left out. The following table shows their results against the list of the 21 crematories currently 
operational in Portugal (Table 2).  
 
Crematory District Opening year # of cremations 2014 
Alto de São João Lisbon 
1911  
(reopened 1985) 
3 3057 
Prado do Repouso Porto 1995 1 911 
Ferreira do Alentejo Beja 2001 n/a 
Olivais Lisbon 2002 (see Alto de São João)7 
Ponta Delgada Azores 2007 128 
Elvas Portalegre 2008 n/a (privately-owned) 
Figueira da Foz Coimbra 2008 n/a (privately-owned) 
Sintra Lisbon 2008 n/a (privately-owned) 
Camarate Lisbon 2009 1 650 
Matosinhos Porto 2009 644 
Porto Santo Madeira 2009 20 
S. João Madeira Aveiro 2010 308 
Póvoa de Santa Iria Lisbon 2010 n/a (privately-owned) 
Almada Setúbal 2011 767 
Sesimbra Setúbal 2011 1 500 
Viseu Viseu 2012 116 
Oeiras Lisbon 2013 1 500 
Funchal Madeira 2014 33 
Lapa Porto 2014 n/a (privately-owned) 
Setúbal Setúbal 2015 n/a (opened in 2015) 
Paranhos Porto 2015 n/a (opened in 2015) 
Total # cremations 2014  11 882 
Table 2 
Number of cremations conducted in each of the 21 Portuguese crematories in 2014 (Gomes & 
Palma, 2015) 
 
We were, as stated, unable to confirm these numbers (many of the crematory 
administrations we contacted responded with pre-calculated yearly averages [Table 3], 
which are not directly comparable), although we could confirm the lack of collaboration from 
                                                          
7 Because the Alto de São João and Olivais crematories are administered by the same city hall, the 
information available regarding number of cremations (3 305) refers to both crematories. 
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the private entities in sharing their data. In this case, all of the privately-owned crematories 
are owned by Servilusa, a branch of the Spain-based funerary service company Memora, 
which in turn belongs to a multinational group (Servilusa, 2016b). Our attempts at contacting 
Servilusa received no response. We were also, replicating the findings of this study, unable 
to obtain data from the publicly-owned Ferreira do Alentejo crematory. 
 
Crematory District Opening year Average cremations/year 
Alto de São João 
Lisbon 1911  
(reopened 1985) 
3 2508 
Prado do Repouso Porto 1995 n/a 
Ferreira do Alentejo Beja 2001 n/a 
Olivais Lisbon 2002 (see Alto de São João)8 
Ponta Delgada Azores 2007 115 
Elvas Portalegre 2008 n/a (privately-owned) 
Figueira da Foz Coimbra 2008 n/a (privately-owned) 
Sintra Lisbon 2008 n/a (privately-owned) 
Camarate Lisbon 2009 1724 
Matosinhos Porto 2009 n/a 
Porto Santo Madeira 2009 n/a 
S. João Madeira Aveiro 2010 242 
Póvoa de Santa Iria Lisbon 2010 n/a (privately-owned) 
Almada Setúbal 2011 700 
Sesimbra Setúbal 2011 n/a 
Viseu Viseu 2012 110 
Oeiras Lisbon 2013 n/a 
Funchal Madeira 2014 n/a 
Lapa Porto 2014 n/a (privately-owned) 
Setúbal Setúbal 2015 n/a 
Paranhos Porto 2015 n/a 
Total  6 141 
Table 3 
Average number of cremations conducted in each of the 21 Portuguese crematories9 
 
We are then, unable to present an exact number of cremations conducted in 2014, 
and likewise, to calculate the exact number of ground burials conducted in the same year. 
We can, nevertheless, state with great certainty that inhumation (in a grave, mausoleum, or 
place of aerobic decomposition) continues to dominate the sector over the alternative.  
Such a conclusion was, in fact, quite predictable, for the territorial distribution of 
Portuguese crematories (Figure 1) is heavily concentrated on the largest urban centers, 
leaving vast areas without easy access to this form of body disposal. In fact, in 2011, 
cremation accounted for 51.3% of all funerals registered in the city of Lisbon, and 47% of 
                                                          
8 Because the Alto de São João and Olivais crematories are administered by the same city hall, the 
information available regarding number of cremations refers to both crematories. 
9 Data obtained via personal communications dated April 18, 2016 (Alto de São João & Olivais); May 
23, 2016 (Ponta Delgada); May 11, 2016 (Camarate); April 1, 2016 (S. João Madeira); April 22, 2016 
(Almada); May 6, 2016 (Viseu). 
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all funerals registered in the city of Porto, which led Xisto to refer to cremation as “a 
markedly urban phenomenon” (Xisto, 2012, p. 41). 
 
 
 
Figure 1 
Distribution of the 21 Portuguese crematories throughout the territory, including the archipelagos of 
Azores and Madeira 
 
Out of the 18 crematories currently functioning in continental Portugal, 6 are in the 
district of Lisbon and 3 are in the adjacent district of Setúbal, leaving 9 crematories to serve 
the rest of the territory. The district of Porto, further north, is served by 4 crematories. The 
remaining 5 are visible as isolated points on the map, serving the districts of Aveiro, Viseu, 
Coimbra, Elvas, and Beja. 
We understand, then, that the majority of the Portuguese population does not live in 
the vicinity of a crematory, a variable which may contribute, along with religious/ideological 
positions (inhumation has, after all, always been the dominant practice) and economical 
factors (the expenses represented by the long-distance transportation of the body to the 
crematory), to explain the heavy skewing towards inhumation on the national level. We 
believe further study is necessary on this matter.  
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CHAPTER 2 
ENVIRONMENTAL IMPACT OF BODY DISPOSAL PRACTICES 
 
It has long been argued that dead bodies, along with bodily secretions and sexual 
fluids, symbolize potential sources of infection that our ancestors are likely to have 
encountered. From an evolutionary perspective, the practice of avoiding these potential 
sources of not only individual mortality, but also of genetic extinction, would therefore carry 
a selective advantage (Curtis & Biran, 2001). A strong aversion to the dead may represent 
a “natural” instinct to protect ourselves against disease, even though contemporary 
empirical evidence suggests such concerns are mostly unfounded. According to Morgan 
(2004, p. 308), who has explored the matter in the context of natural disasters, “many 
individuals and organizations are still unclear about what the infectious risks associated with 
dead bodies really are, who is most at risk, what precautions should be taken, and how to 
safely dispose of the bodies”. 
The human body is host to many organisms, only some of which are pathogenic. 
When the body dies, the environment in which pathogens live can no longer sustain them. 
However, this does not happen immediately, and transmission of infectious agents from a 
cadaver to a living person may occur (Morgan, 2004). For this reason, the disease risks 
from individuals who die from infectious diseases may be extrapolated to the dead bodies 
in question, but not necessarily to dead bodies in general. Besides, further dispelling the 
age-old beliefs that decomposition itself is dangerous, it is currently known that the 
microorganisms involved in the natural decay process are not pathogenic (de Goyetz, 
1980). A dead body should be considered only as pathogenic as it was while alive. 
 Even in case of the worst possible scenario, a natural disaster, the WHO (2016a) 
states: 
 
“Contrary to common belief, there is no evidence that corpses pose a risk of disease 
"epidemics" after natural disasters. Most agents do not survive long in the human 
body after death (with the exception of HIV—which can be up to 6 days) and the 
source of acute infections is more likely to be the survivors. Human remains only 
pose health risks in a few special cases requiring specific precautions, such as 
deaths from cholera or haemorrhagic fevers.” 
 
 Nevertheless, in the matter of health risks arising from dead bodies, it’s important to 
make a distinction between death professionals and the general public.  
The general public rarely come into contact with cadavers, generally only during 
viewing of the deceased. Viewing of the deceased is often requested by the bereaved, 
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though the cultural relevance of this practice varies from country to country—in some 
communities, large groups of friends and relations may wish to pay their respects at the 
unsealed coffin (Young & Healing, 1995). This is a common practice in Portugal, where a 
wake is usually held the day before the funeral, most commonly in a mortuary chapel. It is 
thought that the opportunity to spend time with the deceased can assist with the grieving 
process (Creely, 2004). 
As we have seen, certain infectious diseases may present a significant risk to the 
bereaved, who should be informed about the risks involved in the viewing, and provided 
with protective equipment if appropriate. Viewing may be advised against if the deceased 
is known to have been infected with typhus, anthrax, plague, rabies, smallpox, yellow fever, 
or viral haemorrhagic fevers, such as ebola (Healing, Hoffman & Young, 1995; Health and 
Safety Executive, 2005), many of which are considered notifiable diseases in Portugal10. 
Also worth mentioning are group A streptococcal infection and transmissible spongiform 
encephalopathies (TSEs), although the authors disagree on whether these infections 
constitute enough reason to keep the bereaved from viewing the deceased. Regarding 
TSEs, the WHO (1999) states that “superficial contact, such as touching or kissing the face, 
need not be discouraged”.  
Such diseases are, nevertheless, rare, for the majority of deaths in Portugal are due 
to non-infectious causes, such as malignant tumors (25.0% of total deaths in 2014) and 
circulatory system conditions (30.6%), with infectious and parasitical diseases, including 
tuberculosis and AIDS, representing a mere 2.1% of the total (“Óbitos por algumas causas 
de morte (%) em Portugal,” 2016).  
There are, of course, added occupational risks for those professionally engaged in 
the close-quarters management of dead bodies, either recently deceased (medical 
practitioners, forensic scientists, death professionals, among others) or long dead 
(archaeologists, for example, or cemetery operatives in charge of exhumations) (Healing, 
Hoffman & Young, 1995). For the first group, the likeliest health risks are infections 
produced by blood borne viruses, enteric pathogens, and Mycobacterium tuberculosis 
(Morgan, 2004), while the second group may be at risk due to inhalation of not only 
infectious micro-organisms, but also wood and lead dust (Health and Safety Executive, 
2005). 
We have now established that dead bodies, unless laden with infectious micro-
organisms, do not generally represent a health risk to those in direct contact with them, 
either through viewing or handling of the cadaver, in a mourning or professional setting, 
respectively.  
                                                          
10 According to Portaria 1071/98 of December 31 and Portaria 103/2005 of January 25. 
24 
 
However, this isn’t to say the disposal of the dead does not carry along 
environmental or public health concerns—merely that contemporary public health concerns 
regarding the dead have been slowly shifting from the body itself to the extraneous practices 
and materials which surround it, be it in the context of burial or cremation. 
 This chapter will offer a brief review on the knowledge currently available, presented 
with conscience that it cannot be extrapolated directly to the Portuguese reality, for current 
lack of data. 
 
1. The environmental impact of burial 
 
 For the effects of this section, we will assume burial refers exclusively to the 
placement of the body in a covered grave in the ground. There are other forms of “burial” 
allowed in Portugal, as we have seen, but due to the focus of this dissertation and the lack 
of data regarding those alternatives, it would not be appropriate to include them here. 
Anything buried underground has the possibility of causing contamination, and the 
increasing number of cemeteries and the abundance of anthropogenic material placed 
within them has caused concern about the possibility of releasing hazardous materials into 
the surroundings (Creely, 2004).  
We will focus, then, on the environmental impact from cemeteries under two main 
aspects: soil and groundwater contamination; and the accumulation of materials which are 
deposited inside the space of the cemetery (wood from coffins, fabrics, etc). 
 
1.1. Description of the process 
 
 As we have seen, the purpose of a cemetery is to allow for the decomposition of 
dead bodies in a safe and controlled environment. We shall now offer a small overview of 
the process of decomposition. 
The process of decomposition usually begins inside the body and proceeds to the 
outside, and different researchers have identified different stages of decomposition. 
Following Goff (2009), we will present five stages, which the literature considers may be 
easily applied to a variety of settings—they are, then, the fresh, bloated, decay, postdecay 
and skeletal/remains stages Each stage is identified by somewhat distinct physical features 
and the presence of specific insects, but we will not focus too heavily on this latter point. 
The fresh stage begins at the moment of death and continues until bloating of the 
body becomes evident. Greenish discoloration of the abdomen, livor (a settling of the blood 
in the lower portion of the body), skin cracking, and tache noire (a reddish brown 
discoloration appearing transversely across the sclera) may be observed. The insect 
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invasion of the body generally begins with the natural openings of the head (eyes, nose, 
mouth and ears), the anus and genitals, and whatever wounds may be present on the body. 
The first insects to arrive are usually Calliphoridae (blow flies) and Sarcophagidae (flesh 
flies). 
The bloated stage is where the most recognizable component of decomposition, 
putrefaction, begins to set in. The anaerobic bacteria present in the intestines and other 
parts of the body begin to digest the tissues, in a metabolic process that results in the 
production of gases that eventually produce an inflation of the abdomen. This marks the 
beginning of the bloated stage, giving the entire body an inflated appearance. Adult 
Calliphoridae are strongly attracted to the body during this stage in decomposition and 
significant masses of maggots may be observed, associated to the primary invasion sites 
(even larger populations will be present internally). Seeping of fluids from the natural body 
openings will occur during this stage—these fluids will then seep into the substrate beneath 
the body, provoking a change in pH that will render it alkaline. 
The decay stage begins with the breaking of the outer layer of the skin and the 
escape of the gases from the abdomen, after which the body will deflate. During this stage, 
strong odors of decomposition are present, and large masses of Diptera (fly) larvae can be 
observed feeding on the body. By the end of the decay stage, these larvae will have 
removed most of the flesh from the body, leaving only skin and cartilage. 
In the postdecay stage, the body has been reduced to skin, cartilage, and bone, and 
the Diptera are no longer a predominant feature. Different types of predators and parasites 
will take their place, depending on the habitat. 
The skeletal/remains stage is reached when only bones and hair remain. There is 
no definite end point to this stage, and there may be differences in the soil fauna detectable 
for a period of months or sometimes years, indicating that a body was there at some point 
in time. This is the stage we aim for when we refer to the skeletonization process intended 
in temporary graves.  
This is one possible division of the decomposition process into stages, but it’s vital 
to note that it will not necessarily apply to cases involving buried remains (either in a forensic 
or funerary context). Since buried remains cannot be directly observed and factors such as 
depth, moisture level, and soil type all serve as variables in the degradation of buried 
remains, stages are more difficult to assign (McQuinn, 2011). Furthermore, because at 
cemetery depth, insects are not usually able to access the body, most of the decomposition 
process will be fueled by metabolic processes, aerobic and anaerobic alike (Fiedler & Graw, 
2003). Due to its relevance, we will return to this particular matter in a future section. 
 The interval between time of death and final skeletonization is highly influenced by 
the environment in which these processes occur. On the surface, they may reach 
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completion within several weeks, but the time required for the decomposition of buried 
bodies may take anywhere between 3 to 12 years, under favorable conditions (ibid.). 
Rodrigues and Pacheco (2003) claim a human body takes ten years to decompose in 
Portugal, but we have found no other authors to back this claim. 
 
1.2. Soil and groundwater contamination 
 
 1.2.1. Soil contamination 
 
When bodies and grave contents decompose, the resulting products are either 
released into the environment—previous studies have estimated that over half of the 
pollutant load arising from this process will be leached within the first year and decline in 
subsequent years (UK Environment Agency, 2004a; WHO, 1998)—or accumulate in the 
grave area (Fiedler, Weinzierl, Waldmann, & Graw, 2004). 
In terms of decay products, the cemetery processes are dominated initially by the 
formation of ammonia gas, and presumably, carbon dioxide. The decay of human remains 
is also responsible for the rapid release of sodium, potassium, chloride, bicarbonate, nitrate, 
phosphate, ammonium, and sulfate ions (Knight & Dent, 1995). The decay of animal 
proteins after death is also known to produce at least two diamines—cadaverine and 
putrescine—which are water pollutants and toxic to humans and other living organisms 
(Fiedler et al., 2012; Open Chemistry Database, 2016a, 2016b). 
The burial of human remains is also associated with a high input of inorganic 
contaminants, which may be organized in two groups – those contained within the body 
(amalgam tooth fillings, for example), which we’ll refer to as internal contaminants, and 
those carried outside the body (metal coffin fittings, for example), which we’ll refer to as 
external contaminants. The particular issue of their accumulation will be explored in a 
coming section. 
Spongberg and Becks (2000b) analyzed organic contaminants in soil from an active, 
old cemetery that began operations in the mid 1800s in Ohio, USA. Data from this study 
indicate some possible relation between organic matter in the soils and their association 
with nearby grave sites. An obvious signature of straight chain hydrocarbons (alkanes) was 
noticed in soils on the cemetery site when compared with the offsite control samples. In a 
different study, the authors (2000a) also showed that certain metals associated with current 
and past burial practices (such as iron, lead, copper, and zinc, commonly used in coffin 
construction, among others) may accumulate at depth in cemeteries. More recently, in 
Southwest Germany, Fiedler and colleagues (2012) developed a study in a cemetery 
established in 1974. Samples were taken from 40 graves, but no significant differences 
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were detected between the element contents of the grave soils sampled below or above the 
coffins. The greatest cause for concern the authors found was not related to soil 
contamination, but adipocere formation, which we’ll explore further along. A comparative 
study has also been conducted in Macau, China, and Akure, Nigeria (Amuno & Oluwajana, 
2014). The soil analyses from the Macau Protestant Cemetery confirmed elevated 
concentration of silver, cadmium, copper, mercury, lead, selenium and zinc, but those from 
the Akure site did not show any anomaly.  
It is worth noting that these studies merely present an overview of the matter at hand, 
and cannot be compared without knowledge of the different variables at work, such as burial 
practices, type of soil, and period of operation, among others.  
 
 1.2.2. Groundwater contamination 
 
Most concerningly, regarding soil contamination, is that cemeteries, like any other 
land use, are part of a hydrological cycle that will be particular for the topography and 
geology of the area—meaning, solutes from cemeteries may interact with the water 
processes and potentially reach groundwater and streams (Knight & Dent, 1995).  
According to the WHO (1998), there are two ways human bodies may cause 
groundwater contamination. The first kind of contamination comes from bacteria and viruses 
present in seepage from graves, which could conceivably be a cause of local epidemics 
from waterborne diseases where the groundwater is used as a water source. Typical 
microorganisms known to be responsible for waterborne diseases and present in seepage 
include Micrococcaceae, Streptococci, Bacillus and enterobacteria.  
The second kind of contamination arises not from any specific kind of toxicity present 
in dead bodies, but by increasing the concentrations of naturally occurring organic and 
inorganic substances to a level sufficient to render groundwater unusable or unpotable 
(WHO, 1998). In a review of the impact of cemeteries on groundwater quality, spanning 
studies carried out in different countries, at different times from 1951 to 2011, and under 
diverse environmental conditions, Żychowski (2012) concluded that cemeteries adversely 
affect the quality of underground waters. The contamination of groundwater in the 
surroundings of cemeteries (distances may vary across studies, but the review in question 
specifically mentions a 200 meter radius) results from the presence of increased levels of 
aluminium, ammonium, arsenic, bicarbonate, calcium, carbon dioxide, chloride, copper, 
formaldehyde, fluoride ions, iron, lead, magnesium, mercury, nitrate, nitrite, 
orthophosphate, phosphate, potassium, sodium, sulphate, and zinc. 
Many of the above substances have been studied due to their presence in drinking 
water and their potential effects on health—for example, several epidemiological studies 
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have demonstrated a positive relation between aluminium in drinking-water and Alzheimer 
disease, though there are strong doubts about the validity of these conclusions (WHO, 
2010); chronic arsenicism, including dermal lesions, peripheral neuropathy, skin, bladder 
and lung cancers and peripheral vascular disease, have been observed in populations 
ingesting arsenic-contaminated drinking-water (WHO, 2011a); chloride increases the 
electrical conductivity of water and thus its corrosivity, while also reacting with metal ions in 
piping to form soluble salts, thus increasing levels of metals in drinking-water (WHO, 
2003a); the ingestion of copper is associated with gastrointestinal symptoms, such as 
nausea, vomiting, diarrhoea at lower doses, and gastrointestinal bleeding, haematuria, 
intravascular haemolysis, methaemoglobinaemia, hepatocellular toxicity, acute renal failure 
and oliguria at large doses (WHO, 2004a); formaldehyde is a known carcinogenic when 
inhaled, but by the oral route, it has only been associated with irritation and allergic contact 
dermatitis, when present at levels higher than those usually encountered in drinking-water 
(WHO, 2005a); fluoride primarily produces effects on skeletal tissue, such as bones and 
teeth, and elevated fluoride intakes may produce skeletal fluorosis (WHO, 2004b); lead is 
a cumulative general poison, capable of producing adverse effects in the central and 
peripheral nervous systems, and in the reproductive system (WHO, 2011b); the two main 
effects of mercury poisoning are neurological and renal disturbances, with the ingestion of 
acute toxic doses resulting in the same terminal signs and symptoms, namely shock, 
cardiovascular collapse, acute renal failure and severe gastrointestinal damage (WHO, 
2005b); excess levels of nitrate can cause methemoglobinemia, or “blue baby” disease 
(WHO, 2011c); the presence of sulfate in drinking-water can result in a noticeable taste, 
while also producing cathartic effects (WHO, 2004c); drinking water containing zinc at levels 
above 3 mg/litre tends to be opalescent, develops a greasy film when boiled, and has an 
undesirable astringent taste (WHO, 2003b). 
Beyond the scope of Żychowski’s (2012) exhaustive review, it’s worth mentioning in 
greater depth a few studies conducted in Portugal. Rodrigues and Pacheco (2003) carried 
the first of these studies between September 2000 and September 2001, to understand the 
risk of groundwater contamination from cemeteries placed in three different geographic 
areas: Querença and Luz de Tavira, located in Algarve, southern Portugal, and Seixas, 
located in Minho, northwestern Portugal. The results from Querença were not conclusive 
with respect to determining the influence of cemetery contamination on groundwater, 
despite the fact that high levels of chemical and bacteriological contamination were detected 
in all the wells sampled (all within a radius of 800 meters from the cemetery). The authors 
concluded the existence of many septic tanks in the area could be masking the impact from 
the cemetery. The analysis from within the cemeteries of Luz de Tavira and Seixas had 
higher levels of bacteriological (both cemeteries) and physical-chemical values (Luz de 
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Tavira) than the water from other sampling points further away from the cemetery (the 
comparison point from Luz de Tavira was 300 meters away from the cemetery; the Seixas 
comparison point was 290 meters away), which indicated the impact from these cemeteries 
on groundwater quality. Barreira, Dinis, and Figueiredo (2008) conducted a study in a 
cemetery in central Portugal, and discovered evidence of an area of contaminated 
groundwater beneath the cemetery and to the Northeast, following the course of a nearby 
stream. Nearby water wells were still unaffected, although the authors considered it possible 
that they would be soon, judging by the position and size of the contamination plume (which, 
at the time of the study, had expanded 240 meters to the North of the cemetery, 16 meters 
to the West, 90 meters to the South, and 30 meters to the East). Pedrosa, Figueiredo, 
Azevedo, and Tavares (2014) conducted a physical-chemical evaluation of phreatic 
groundwater in ten cemeteries located in the central region of Portugal. Some of the 
properties evaluated, such as the high values of electrical conductivity (EC), pH, and redox 
potential (pE), indicated contamination of groundwater—nevertheless, the available data 
was not enough to indicate that said contamination derived specifically from the cemeteries, 
seeing as it could have been caused by other anthropogenic processes, such as agricultural 
and domestic practices. Analyzing all the studies presented in this paragraph, we are, 
nevertheless, unable to conclude on the existence of objective risk for the environment, or 
for public health. 
Having thus explored the risks of groundwater contamination due to cemeteries, it’s 
worth noting that the matter of groundwater quality and its preservation is of great 
importance in European and Portuguese law. In the European Union, Directive 2000/60/EC 
establishes a framework for community action in the field of water policy, according to which 
member States must implement whatever measures are necessary to prevent or limit the 
input of pollutants into groundwater and to prevent deterioration in the state of all bodies of 
groundwater, regardless of whether these are meant for human consumption. The list of 
main pollutants includes: substances and preparations which have been proved to possess 
carcinogenic or mutagenic properties; metals and their compounds; arsenic and its 
compounds; and substances which contribute to eutrophication (in particular, nitrates and 
phosphates). The EU has, likewise, produced directives for the discharge of particular 
substances, such as mercury (Directives 82/176/EEC and 84/156/EEC), cadmium 
(Directive 83/513/EEC), and other dangerous substances (Directive 86/280/EEC).  
Regarding the cemetery as a specific source of contamination, the WHO (1998) 
argues that the pollution potential from cemeteries is present, but in a well-managed 
cemetery with suitable soil conditions and drainage arrangements, the risk is probably 
slight. Conditions are then proposed to place and design future cemeteries: human or 
animal remains must not be buried within 250 meters of any well, borehole or spring from 
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which a potable water supply is drawn; the place of burial should be at least 30 meters away 
from any other spring or watercourse and at least 10 meters from any field drain; the base 
of all burial pits on the site must maintain a minimum of one meter clearance above the 
highest natural water table. In Portugal, Decree-Law 382/99 of September 22 predicts the 
creation of three distinct protection perimeters around captations of groundwater—the 
immediate perimeter, where all activities are, on principle, forbidden; the intermediate 
perimeter, forbidden to activities which may pollute groundwater, either by infiltration of 
contaminants or by modification of the water flow; and the wide perimeter, destined to 
protect groundwater from persistent contaminants, such as organic composts, radioactive 
materials, heavy metals, hydrocarbonates and nitrates. The dimensions of all perimeters 
should be defined according to the particular geological, hydrogeological and economical 
characteristics of the area. Cemeteries are specifically mentioned in this Decree as liable 
to pollute groundwater, reason why their construction may be forbidden in these perimeters. 
Drinking water, specifically, is regulated in the European Directive 98/83/EC, 
according to which Member States should take the measures necessary to ensure that 
water intended for human consumption is wholesome and clean. For the purposes of the 
Directive, it is assumed that “wholesome and clean” drinking water should be free from any 
micro-organisms and parasites, and from any substances which constitute a potential 
danger to human health, present in the quantities presented in the Directive—which 
includes, in Annex I, maximum parametric values for substances such as arsenic, copper, 
fluoride, lead, mercury, nitrate, and nitrite. In Portugal, the above Directive has been 
translated into law in the Decree-Law 306/2007 of August 27. 
 
1.3. Accumulation of materials inside the cemetery 
 
According to Fiedler et al. (2012), a relevant ecological problem in the context of 
burial practice is the huge amount of artifacts often buried along with the bodies. In their 
study, the authors found an average of 17.4 kg of extraneous items per grave—besides the 
coffin itself, a large number of nondecomposable orthopaedic materials and other items 
(e.g. cardiac pacemakers) were found. It can be assumed that advances in medical care, 
accompanied by increasing life expectancy in the next decades, will lead to an increase in 
such artifacts in grave soils. In addition, higher amounts of inert plastics and synthetic 
materials were detected in the cemetery under investigation. 
From this starting point, we see that contaminants in cemeteries may be organized 
in two groups – those contained within the body, which we’ll refer to as internal 
contaminants, and those carried outside the body, which we’ll refer to as external 
contaminants. 
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 1.3.1. Internal contaminants 
 
 Regarding internal contaminants, it’s worth noting the human body nowadays 
contains a range of non-human materials, such as prostheses, dental implants and 
pacemakers, but also breast implants and artificial heart valves (Keijzer & Kok, 2011). The 
“average” deceased will most likely possess a range of these, in a variety of materials—
most commonly metals such as iron, aluminum and titanium, but also chromium, copper, 
zinc, gold (Molenaar, Mennen, & Kistenkas, 2009), and various plastics.  
Metal objects will generally break down slowly, mostly through oxidation, and leach 
out over time to the groundwater. Regarding plastics, if some can be broken down by 
chemical and biological processes, the extent to which this occurs varies greatly, depending 
on the type of plastic and the surrounding conditions (temperature, humidity, oxygen). 
Furthermore, plastic materials may contain additives such as pigments, flame retardants, 
plasticizers, stabilizers and fungicides, some of which are hardly degradable. For this 
reason, the effects of plastic objects buried along with the body are difficult to estimate, 
hence negative effect on the soil and groundwater cannot be ruled out (ibid.). 
Apart from these, another class of contaminants worth debating is that of therapeutic 
drugs, particularly palliatives and chemotherapeuticals. Regarding the latter category in 
particular, Molenaar, Mennen, and Kistenkas (2009)—citing a study conducted in the 
Netherlands in 1997 (Mennen & van Bruggen, 1997) to research the potential effects of 
cytostatics on decomposition—consider it unlikely that cytostatics could have a retarding 
effect on the process after death of the patient. The experts consulted did not exclude the 
possibility that other medications may affect decomposition, but considered it unlikely, since 
most medications are not persistent substances. They will either a) be rapidly excreted from 
the body after ingestion; b) react with the body's substances to form other compounds; c) 
be degraded during the digestive process of the body's own constituents (Molenaar, 
Mennen, & Kistenkas, 2009). The body of a deceased person will therefore, generally, 
contain no more than slight amounts of medication of whatever kind. Furthermore, the 
authors argue that cytostatic agents do not inhibit the development of bacteria and fungi in 
the body, which would potentially influence the rate of decomposition. During an interview 
in 2008, Dr. William M. Bass, founder of the University of Tennessee Anthropological 
Research Facility, popularly known as “The Body Farm”, shared a suspicion that maggots 
may be able to pick up the chemicals left over by chemotherapy, thereby influencing the 
rate of decomposition (Armstrong, 2008)—nevertheless, no study had been conducted on 
the matter at the time of the interview, and it is unclear whether such concerns would be 
applicable to the context of funerary burial. 
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Also worth mentioning are embalming liquids, such as arsenic and mercury, used in 
past embalming and burial practices, and formaldehyde from current embalming (Creely, 
2004). The practice of embalming is not particularly widespread outside the USA, although 
it is spreading. A version of the practice is done in Portugal, though it is far from common, 
and has only recently been taken up as a service offered by the funerary sector, most 
commonly under the name thanatopraxy (Servilusa, 2016c). 
Chiappelli (2008) states that the very fact that embalming isn’t common worldwide 
immediately raises suspicions about its necessity, so commonly shared among the 
American funerary sector. According to the author, two main arguments have been put forth 
as to the necessity of embalming: embalming as a public health measure, and embalming 
as a psychological necessity for the mourning process—through the creation of what 
industry professionals call the Memory Picture, “the last glimpse of the deceased in an open 
casket” (Mitford, 1998, p. 16). It is argued that, by allowing the bereaved to see their loved 
one for the last time with a carefully prepared and peaceful appearance, mourning families 
will not only be assured of the identity of the person in the coffin, they will also be able to 
preserve the deceased in their memory as he looked in life (Roach, 2004). 
Regarding the public health argument, we have established previously that while 
dead bodies can represent a danger to publish health, the only risks are those associated 
with communicable diseases, which the person could have likewise transmitted while alive. 
Nevertheless, as famously put in Jessica Mitford’s “The American Way Of Death Revisited”, 
the dead are better company than the living in these circumstances, for they don’t “excrete, 
inhale, exhale, or perspire” (Mitford, 1998, p. 57). Furthermore, while it is claimed that 
embalming kills whatever infectious organisms may remain in the dead body, the amount 
of microbiological data concerning the disinfection efficiency of embalming chemicals on 
human remains in the peer-reviewed literature is very limited (Creely, 2004). Creely further 
deconstructs the public health argument, suggesting that rather than helping via eliminating 
potential infectious organisms from the body, to prepare it for contact with the general public, 
embalming may actually harm the public health by exposing embalmers to the bodily fluids 
of the deceased—which is particularly relevant in the case of blood-borne infections, such 
as HIV and Hepatitis B and C (Health and Safety Executive, 2005). These concerns are 
accounted for in the Portuguese law, in the Portaria 162-A/2015 of July 1. According to 
article 14th of this document, a body may not be embalmed if it presents a risk to public 
health due to the presence of a group 4 biological agent. In case of other infectious 
diseases, the medical professional who certifies the death must note their presence in the 
death certificate. 
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 1.3.2. External contaminants 
 
Regarding external contaminants, there are at least two relevant categories: the 
coffin inside of which the body is buried, including handles, decorative details, and fabric 
lining; and the clothing worn by the deceased to the grave. 
Traditional cofﬁns are made of wood with a high density of ﬁbers, and the 
manufacturing processes use a range of chemicals. However, the lower the density of the 
cofﬁn, the lower the environmental impacts in terms of forest destruction, manufacturing 
processes and decomposition products (Oliveira et al., 2013). Metals such as steel, bronze, 
lead, nickel, silver, gold, zinc, copper, iron, and selenium are typically used for decoration 
and to improve the durability and preservation of wood coffins. Occasionally, metal coffins 
may be used, therefore presenting larger quantities of lead, zinc, copper or steel 
(Spongberg & Becks, 2000b). Other synthetic materials such as paints, velvet, taffeta, 
rubber, hinges, brass handles, galvanized nails, wood screws, glues, varnishes, sealers, 
preservatives and embellishments are also used in the making of sophisticated coffins 
(Amuno & Oluwajana, 2014; Spongberg & Becks, 2000b; Uslu, Bari & Erdoan, 2009). 
In a study conducted in Southwest Germany, Fiedler et al. (2012) investigated 40 
graves, in which bodies had been buried for 27-28 years. According to the authors, the 
mean weight of materials that entered the soil upon burial (coffins and interior textiles, 
clothing, plastic gloves, cardiac pacemakers, artificial joints, injector needles) was 17.4 
kg/grave. The state of preservation of coffins ranged from almost intact to loose planks 
where the colour and varnish were still easily recognizable. 
Regarding clothing, there isn’t a lot of available data concerning the specificities of 
the clothing worn by the deceased, though Keijzer and Kok (2011) estimate that the average 
person is buried with about 0.8kg of cotton, 0.15kg of viscose, and 1.5kg of leather 
(corresponding to shoes), for a grand total of 2.45kg of extraneous material.  
Not many studies have been conducted on the matter of the influence of clothing in 
the rate of decomposition, and those available have been aimed specifically at the forensic 
context, evaluating mostly uninterred bodies and/or shallow graves, mimicking clandestine 
graves. In a direct comparison between a clothed and a nude cadaver, Cahoon (1992) 
concluded that the clothed cadaver decomposed more quickly than the nude cadaver, 
having reached the bloating and decay stages almost twice as quickly; Miller (2002) found 
that, overall, the presence of clothing prevented the decomposition of the skin and 
accelerated mummification; while Phalen (2013) concluded that clothing hastened the 
overall process of decomposition of clothed cadavers, for it prevented mummification, 
allowing skeletonization to occur. Dautartas (2009) conducted a different type of study, in 
which the bodies were wrapped in cotton thermal blankets or plastic tarps, and allowed to 
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decompose naturally, along with unclothed controls. The author’s conclusions point out that 
while the unclothed bodies and the bodies in cotton blankets both showed desiccated tissue 
and mummified tissue, the extent of mummification was greater in the former; conversely, 
encasing a body in a plastic tarp led to moist decomposition and formation of adipocere, in 
contrast with the unclothed bodies. Such conclusions could be validated by a situation 
currently plaguing the state of Norway, where “a three-decade-long practice of wrapping 
their dead in plastic before laying them to rest in wooden caskets, believing the practice 
was more sanitary” (Jervell, 2013) has rendered the cemeteries full of bodies which cannot 
seem to decompose without outside intervention. 
All of the previous studies were conducted on bodies placed on the surface, and 
these conclusions are, for the most part, in no way transmissible to cemetery realities. No 
conclusions are available regarding the influence of clothing in the rate of decomposition in 
a funerary context. Nevertheless, the studies discussed offer a relevant baseline for 
understanding a reality that is rather relevant in cemetery contexts, and which may be highly 
related to the clothing of the deceased—the formation of adipocere. 
Adipocere, commonly known as grave wax, represents the most frequent cause of 
inhibition of post-mortem changes in buried corpses (Bchi & Willimann, 2002; cited in 
Fiedler & Graw, 2003). It is formed by the alteration of the fat tissues of the corpse into a 
greyish white, soft, cream-like substance, which in time takes on a solid and resistant 
appearance. Adipocere makes the corpse almost entirely resistant to decomposition, 
leading to the conservation of corpses for decades, or even centuries (Fiedler et al., 2009), 
effectively preventing the reuse of graves in modern cemeteries. The problem of adipocere 
is widespread in central Europe (Fiedler & Graw, 2003), with the greatest body of research 
on the matter hailing from Germany.  
Only one study has been conducted on the matter of adipocere in Portugal, following 
reports of the existence of sections in the municipal cemeteries of Porto (Portugal’s second 
largest city, located in the Northwest) where corpses did not decompose after the regular 
resting time, some of them for more than 50 years. This caused management problems, 
due to the impossibility of grave reuse and deactivation of these sections as burial grounds. 
The visual inspection of the non-skeletonized corpses suggested that the cause for these 
problems was related to an inhibition of post-mortem changes due to adipocere formation 
(Durães et al., 2010). The study examined the decomposition of pork loin in four typical soil 
types of the Porto area, under two different moisture levels and under semi-anaerobic 
conditions, allowing the observation of the effect of the soil type in the decomposition of 
meat buried in those soils. Sandy soil showed the highest amount of adipocere formation. 
Clay-gravel soil, in the low moisture experiments, also showed a relatively high amount of 
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adipocere formation. Organic and gravel soils did not show relatively high amounts of 
adipocere formation, and seemed to promote decomposition. 
Based on the results found in a study we have previously mentioned, conducted in 
a cemetery located in Southwest Germany, Fiedler et al. (2012) list a series of burial 
practices that may enhance the formation of adipocere: waterproof coffin liners used to 
prevent the discharge of liquid decomposition products; mattresses made of synthetic 
material; clothing of the deceased containing a large proportion of synthetic fibers; 
disposable diapers that are not removed prior to burial. Adipocere formation is promoted 
under absence of oxygen during the first stage of decomposition, so it makes sense that 
the use of synthetic fabrics, which inhibit airflow and evaporation of fluids from the body, 
would promote its development—also confirming previously cited research by Dautartas 
(2009), who reported that the presence of plastic wrapping will enhance formation of 
adipocere. However, the variety of fabrics one may potentially find used in funerary 
practices and their properties are too wide, causing their roles in enhancing or inhibiting 
formation of adipocere to remain unclear (Hau, Hamzah, Lian, & Hamzah, 2014). The use 
of oak, lead and zinc coffins may also retard the decomposition process (Fiedler & Graw, 
2003).  
To the extent of our knowledge, no studies have been conducted in Portugal on the 
subject of the contaminants buried along with dead bodies in cemeteries. Nevertheless, a 
study conducted in 2008 regarding the emotions and rationalizations of gravediggers in the 
city of Porto sheds light on some of these issues: the individuals interviewed mentioned the 
importance of the materials of the coffin interiors and the clothing the deceased was buried 
with, mentioning synthetic fabrics such as nylon, which, according to their professional 
observations, only helped conserve the body (Zelenovic, 2008). 
 
2. The environmental impact of cremation 
 
While cremation avoids many of the nefarious environmental effects of burial (on the 
matters of land use and burial of vast quantities of extraneous materials, for example), it is 
not without its own environmental effects. Over the past 15 years, growing concerns have 
arisen over the emissions released by crematories, and spurred environmentalists, as well 
as some governments and government agencies, to pay closer attention to the 
environmental and public health impacts of cremation (Olson, 2016; Smith, Gitsham, Donell, 
Rose, & Hing, 2012). 
 The effects of cremation on the environment and public health have been less 
subject to study than those of burial, but it is still possible to discuss them. In this section, 
we will consider then: the potential effects of scattering ashes; the importance of crematory 
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emissions (with particular emphasis on vaporized mercury emissions from volatilized dental 
amalgam); the impact of crematories on a local level; the potential dangers of cremating 
medical devices and radioactive remains. 
 
2.1. Description of the process 
 
The cremation of a human body—commercial or otherwise—is a highly reductive 
taphonomic process that represents one of the most extreme examples of postmortem 
alteration. From a forensic point of view, the thorough reduction and fragmentation of 
cremated human remains often leaves little biological evidence of diagnostic value, and 
poses the greatest difficulties to forensic practitioners, because the body itself, as evidence, 
is completely lost (Buschmann & Tsokos, 2014). 
 Crematory furnaces, or ovens, are industrial incinerators composed of a primary or 
refractory chamber, where the actual incineration occurs, and a secondary chamber, also 
referred to as a cooling chamber, after-chamber, or afterburner chamber, where the remains 
are left to cool down before handling (Barry, 1994; Buschmann & Tsokos, 2014).  
The cremation itself begins when the coffin is introduced in the primary chamber. In 
the so-called “cold” type furnaces, the coffin is placed inside at a temperature of about 300 
°C, while in the “warm” types, the temperature is 800 °C or higher (ibid.) The cremation 
takes up to 1.5 hours in the warm types and up to 2.5 hours in the cold types (Keijzer & 
Kok, 2011; Mari & Domingo, 2010), though factors such as body mass, water content of the 
body, sex, age, and other factors, may have an effect on this time frame. 
 We have seen in the previous section, dedicated to burial, that the process of human 
decomposition brings about substances that, in large enough quantities, may be toxic to 
humans. With respect to the possibility that any element in human remains could be harmful 
to the environment as a result of cremation, Mari and Domingo (2010) consider the 
response to be negative. According to the authors, “human remains consist of 85% 
moisture, which vaporizes during the cremation process, 10% combustible solids [...], and 
5% non-combustible solids which absorb heat and energy from the cremation process and 
remain as solids (bone fragments and ash materials) when cremation is completed”. These 
final 5% non-combustible solids are usually returned to the family, after processing, under 
the form of “cremation ash”.  
It’s worth pointing out that the cremation product that is delivered to the deceased’s 
family is not literally ash, but rather a fine bone grit, which is obtained after the processing, 
mechanical or manual, of the calcined bone fragments which result from cremation 
(Buschmann & Tsokos, 2014; Olson, 2016). There are a variety of processing methods that 
have been regularly used in the United States and Europe, such as hand-processing, 
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ball/hammer mill processing, and a newer method called the rotary hinge blade processor 
(Schultz, Warren & Krigbaum, 2015). 
 
2.2. Effects of scattering ashes 
 
Cremated remains can be considered sterile, as infectious agents do not survive 
incineration temperatures. From this point of view, the scattering of cremated remains by 
the bereaved should pose no infectious hazards regardless of the infection status prior to 
incineration (Creely, 2004). However, Guttman, Watson, and Miller (2011) consider that 
ashes contain large amounts of nutrients, like phosphates, which can act as fertilizers, 
leading to a phenomenon known as nutrient enrichment. Nutrient enrichment can affect 
both aquatic and terrestrial ecosystems, with effects such as eutrophication, nitrate toxicity 
in drinking water, or alterations to soil chemistry (Chambers, 2001; Smith, Tilman & Nekola, 
1999). To our knowledge, no studies have been conducted on the specific environmental 
impact of scattering ashes.  
 
2.3. Crematory emissions 
 
 As of 2014, there were over 1000 crematories in Europe, and more than 1 500 000 
cremations had been conducted in that year alone (Cremation Society of Great Britain, 
2015). 
As we have seen, there are currently 21 operational crematories in Portugal. We 
attempted to characterize these crematories regarding the types of equipment used 
(number of chambers, maximum temperature, average duration of one cremation, energy 
source), but only 6 out of the 21 responded to our requests for information11. We were then 
able to add information about a seventh crematory, found in a municipal brochure (Câmara 
Municipal do Porto, n.d.). Our findings are summarized in table 4. 
Out of the 7 crematories from which we were able to obtain information, 4 use two-
chamber ovens, 2 use three-chamber ovens, and 1 uses a one-chamber oven. Maximum 
temperatures reported were between 700 ºC and 1200 ºC. Three crematories reported 
average cremation durations of 90 minutes, two reported durations of 120 minutes, one 
reported durations of 75 minutes, and one of 180 minutes. All but two are powered by 
natural gas, the exceptions being butane gas and propane gas.  
 
                                                          
11 Data obtained via personal communications dated April 18, 2016 (Alto de São João & Olivais); 
May 23, 2016 (Ponta Delgada); May 11, 2016 (Camarate); April 22, 2016 (Almada); May 6, 2016 
(Viseu). 
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Crematory12 # chambers Max. Tº 
Average 
duration of 
one 
cremation 
Energy source 
Alto de São João 2 1000 ºC 90 mins Natural gas 
Prado do Repouso 3 1200 ºC 75 mins Propane gas 
Ferreira do Alentejo n/a n/a n/a n/a 
Olivais 2 1000 ºC 90 mins Natural gas 
Ponta Delgada  3 700 ºC 180 mins Butane gas 
Elvas n/a n/a n/a n/a 
Figueira da Foz n/a n/a n/a n/a 
Sintra n/a n/a n/a n/a 
Camarate 2 900 ºC 90 mins Natural gas 
Matosinhos n/a n/a n/a n/a 
Porto Santo  n/a n/a n/a n/a 
S. João Madeira n/a n/a n/a n/a 
Póvoa de Santa Iria n/a n/a n/a n/a 
Almada 2 1150 ºC 120 mins Natural gas 
Sesimbra n/a n/a n/a n/a 
Viseu 1 900 ºC 120 mins Natural gas 
Oeiras n/a n/a n/a n/a 
Funchal n/a n/a n/a n/a 
Lapa n/a n/a n/a n/a 
Setúbal n/a n/a n/a n/a 
Paranhos n/a n/a n/a n/a 
Table 4 
Types of equipment used in Portuguese crematories (number of chambers, maximum 
temperature, average duration of one cremation, energy source) 
 
 The numbers presented above are relevant in the sense that they help put the 
following section into perspective.  
Regarding the subject of crematory emissions, it has been established that the 
pollutants emitted by the combustion of organic matter with the presence of other trace 
elements (a category which includes human bodies and whatever extraneous materials are 
incinerated along with them) are combustion gases (such as nitrogen oxides, carbon 
monoxide, sulfur dioxide, polycyclic aromatic hydrocarbons, and particulate matter), heavy 
metals, and polychlorinated dibenzodioxins and dibenzofurans (PCDD/PCDF) (Buschmann 
e Tsokos, 2014; Mari e Domingo, 2010; Smith et al., 2012). The emission rates depend on 
the design of the crematory, combustion temperature, gas retention time, duct design, duct 
temperature and any control devices in use (European Environment Agency, 2009). On the 
most extensive review on the matter of toxicity from crematories conducted to date, Mari 
and Domingo (2010) stated that although human cremation is an increasing practice, the 
number of studies regarding the potential risks derived from crematory emissions is very 
scarce in relation to the most dangerous compounds (PCDD/PCDF and mercury), being 
                                                          
12 The crematories are, as in previous tables, ordered by opening year, from oldest to newest. 
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even non-existent for other compounds such as nitrogen oxides, carbon monoxide, and 
sulfur dioxide, among others. 
 
 2.3.1. Combustion gases 
 
We will not dwell on the environmental and public health effects of combustion 
gases, for they are common to various sectors—such as public electricity and heat 
production, road transport, and various residential uses, which represented the main 
sources of nitrogen oxides, carbon monoxide, and polycyclic aromatic hydrocarbons in 
Europe between 1990 and 2013 (European Environment Agency, 2015)—and their effects 
are well known (Carel, 1998; Sher, 1998). Cremation is, of course, associated with these 
emissions due to the combustion of fossil fuels—most modern cremators are fueled by 
natural gas and propane (Smith et al., 2012)—, but this environmental impact can be 
lowered by using renewable energies. In India, for example, development of solar 
crematories has already begun (Kashyap & Kesari, 2014). 
 
 2.3.2. Heavy metals 
 
The most dangerous compounds of crematory emissions are widely considered to 
be heavy metals and PCDD/PCDF, because of their toxicity and capacity for 
bioaccumulation, which means potential risks for human health (Mari & Domingo, 2010). 
Among the heavy metals which have been previously identified in crematory emissions—
arsenic, cadmium, chromium, lead, and thallium, among others (Santarsiero, Trevisan, 
Cappiello, Formenton, & Dell’Andrea, 2005)—, airborne mercury emissions are of particular 
concern (Olson, 2016). 
 Mercury may be released to the environment as a result of the volatilization of a type 
of dental filling material known as dental amalgam. Dental amalgam is composed of 
approximately 40-50% elemental mercury (corresponding to approximately 0.4-0.6 g 
[NESCAUM, 2011]), 25% silver and a 25-35% mixture of copper, zinc and tin (Myers, 2015). 
It is known to be unstable at 650-700 ºC, temperatures easily achieved during the cremation 
process (Nieschmidt & Kim, 1997). The amount of mercury emitted during cremation 
depends of the amount originally present in the body pre-cremation, which is defined by the 
number and size of the dental fillings present (Green, Crouch e Zemba, 2014; Nelson et al., 
2012). Table 5 presents a range of emissions values per cremation, according to the 
available literature. 
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AUTHOR COUNTRY EF 
Mills  
(1990; cited in Wood, Punt & Leah, 2008) 
UK 3000 mg 
Hogland et al.  
(1990; cited in Arenholt-Bindslev, 1992) 
Sweden 600 mg on average 
always < 2100 mg 
Rivola et al.  
(1990; cited in Wilson, Bellinger & Mjör, 1998) 
Switzerland < 3800 mg 
Künzler & Andrée  
(1991; cited in Wood, Punt & Leah, 2008) 
Switzerland <1000 mg 
United States Environmental Protection 
Agency  
(1997a; cited in Tetra Tech, 2007) 
USA 1500 mg 
 
United States Environmental Protection 
Agency  
(1997b; cited in Tetra Tech, 2007) 
USA 0.94 mg 
 
United States Environmental Protection 
Agency  
(1999; cited in Tetra Tech, 2007) 
USA 0.008 to 2.30 mg 
Edwards  
(2001; cited in Wood, Punt & Leah, 2008) 
UK 900 mg 
Defra  
(2004; cited in Tetra Tech, 2007) 
UK 1920 mg 
Santarsiero et al.  
(2006; cited in NESCAUM, 2011) 
Italy 36 to 2140 mg 
Tetra Tech  
(2007) 
USA 3200 mg (estimated) 
 
Takaoka, Oshita, Takeda, & Morisawa 
(2010) 
Japan 31.7 mg 
 
Table 5 
Amount of mercury emitted per cremation, according to the available literature 
 
Annual emissions of mercury to air from cremation in EU27 have been estimated to 
be in the order of 2-5 tons/year (Kindbom & Munthe, 2007), though there are no accurate 
data for Portugal. Using Mills’ original, and possibly excessive, estimation of 3g Hg per 
cremation, and based on the number of cremations conducted in Portugal in 2014 (which, 
as we have seen, has been pointed out to be 13 647), we can arrive at a worst possible 
scenario of mercury emissions from crematories in our country of 41kg per year in 2014, 
split between the 21 crematories in the Portuguese territory. However, it is likely the actual 
value will be much lower, for there is no data we can use to adjust this estimation to the 
amount of amalgam fillings per person, or their average weight. 
Furthermore, mercury emissions are bound to decrease over time, for dental use of 
mercury is now declining as alternatives are introduced (Pacyna et al., 2010). The aging 
population, born between the 40s and 60s, tends to have an increased number of dental 
amalgam fillings, due to the use of this material as the standard treatment for generations 
prior to the advent of contemporary alternatives (Bharti, Wadhwani, Tikku, & Chandra, 
2010). 
Mercury has, over time, been shown to produce adverse effects in human health, 
targeting mainly the kidney and the central and peripheral nervous systems, with foetuses 
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being most susceptible to developmental effects (Clarkson, Magos e Myers, 2003; WHO, 
2016b). Crematory emissions add to both localized and national emissions, as we have 
seen, and local effects have been studied by Dummer, Dickinson and Parker (2003). 
Mercury emissions from crematories are not directly covered by European Union 
regulations, despite the ratification of the Minamata Convention on Mercury in 2013. 
Mercury emissions have also been the subject of a Recommendation by the Convention for 
the Protection of the Marine Environment of the North-East Atlantic (or OSPAR 
Convention)—specifically the OSPAR Recommendation 2003/4 on Controlling the 
Dispersal of Mercury from Crematoria (OSPAR Commission, 2003b)—, which identified 
crematories as a significant source of mercury in the environment, and listed various 
available technologies to reduce and control mercury emissions (OSPAR Commission, 
2003a). Suggestions included removal of mercury-containing substances prior to cremation 
(though the OSPAR Commission [2006] recognizes this practice may not be socially or 
culturally acceptable) or removal of mercury from flue gases during the cremation cycle. 
Although Portugal has ratified the OSPAR Convention, no progress on the matter of 
crematories emissions has been reported (OSPAR Commission, 2011). 
 
 2.3.3. PCDD/PCDF – Polychlorinated dibenzodioxins and dibenzofurans 
 
The combustion of essentially any material results in emissions of polychlorinated 
dibenzo-p-dioxins (PCDD) and polychlorinated dibenzofurans (PCDF), both commonly 
known, albeit incorrectly, as “dioxins” (Green, Crouch & Zemba, 2014; WHO, 2016c). PCDD 
have been associated with a number of adverse effects in humans, including immune and 
enzyme disorders and chloracne, and they are classified as possible human carcinogens. 
PCDF persist in the environment for long periods, are structurally similar to dioxins, and 
share many of their toxic effects—they are also classified as possible human carcinogens 
(Stockholm Convention on Persistent Organic Pollutants, 2008). In humans, most 
PCDD/PCDF body burden comes from the ingestion of contaminants, particularly through 
animal products, since food contamination is a direct consequence of the bioaccumulation 
of pollutants through the food chain (Mari & Domingo, 2010). 
PCDD/PCDF emissions from various sources have become a serious issue in many 
countries (Wang, Lee, Lee, Chang-Chien, & Tsai, 2003). PCDD/PCDF were, inclusively, 
listed by the Stockholm Convention on Persistent Organic Pollutants of 2001 as one of the 
twelve initial pollutants whose levels should be significantly reduced due to their adverse 
effects on humans and the ecosystem (Stockholm Convention on Persistent Organic 
Pollutants, 2008). 
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In their 2010 review of the subject, Mari and Domingo suggested crematories were 
not of high relevance for the total emissions of PCDD/PCDF in Europe, citing the European 
Dioxin Air Emission Inventory (Quaß, Fermann & Bröker, 2004), which reported crematories 
represented 0.2% of total emission sources. While such a value is obviously reassuring, we 
have been unable to find more recent numbers to support or disarm this claim.  
However, Mari and Domingo (2010) point out that, while emissions of PCDD/PCDF 
may not be a pressing concern, if the facilities are installed near nuclei of population, no 
specific filter is used, and the height of the stack is relatively low, human health risks should 
not be discarded, and a monitoring program should be carried out. 
 
 2.3.4. Local effects of crematories 
 
Related with environmental exposure to emissions around crematories on the local 
level, Dummer, Dickinson, and Parker (2003) investigated the risk of stillbirth, neonatal 
death, and lethal congenital anomaly among babies of mothers living close to both 
incinerators and crematories in Cumbria, north west England, from 1956 to 1993. A 
significant increase on the risk of anencephaly and stillbirth was noted during this period. 
From 1972 onwards, there was also an increased risk of all other congenital anomalies 
(excluding neural tube defects and heart defects), with increasing proximity to crematories, 
which was significant for the period 1983–1993. It was concluded that there was an 
increased risk of lethal congenital anomaly (specifically spina bifida and heart defects) in 
relation to proximity to incinerators, and an increased risk of stillbirth and anencephalus in 
relation to proximity to crematories—however, the authors could not infer a causal relation 
from these associations (Dummer, Dickinson & Parker, 2003). Further studies are needed 
in order to conclude whether incinerators and crematories are truly liable for such harmful 
effects on human health. 
 
 2.4. Cremation of medical devices and radioactive implants 
 
 Apart from the matter of emissions, crematories present an additional danger, in the 
form of medical devices that can potentially cause problems during the cremation of human 
bodies. Among these, pacemakers have long since been identified as the key medical 
device which should be removed prior to cremation. It is widely known that pacemakers 
explode on cremation because of the rapid formation of hydrogen and iodine gas from the 
device’s battery (Smith et al., 2012). Gale and Mulley (2002) discovered that about half of 
all crematories in the UK experience pacemaker explosions, that pacemaker explosions 
may cause structural damage and injury, and that most crematory staff are unaware of the 
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explosive potential of implantable cardiac defibrillators. Nevertheless, removal of the 
pacemaker prior to the actual cremation is, at this point, a common enough action, since 
the dangers of explosion are well-known (Keijzer, 2011). Occasionally, a pacemaker will 
migrate and its location will not be easily detectable by palpation, but the use of handheld 
metal detectors is a reliable solution to this problem (Holm, Hjortshøj, Pehrson, Svendsen, 
& Riahi, 2013). 
 Due to a lack of secondary sources regarding this matter in Portugal, we questioned 
Portuguese crematories about this practice. Again, only 6 out of the 21 currently active 
crematories responded to our request (table 6). We concluded that most crematories (4 out 
of the 6) remove pacemakers prior to cremation; half of the crematories remove external 
prosthetics; only 1 out of the 6 removes internal prosthetics. 
 
Crematory13 
Removal of 
pacemakers 
before cremation 
Removal of 
internal prosthetics 
before cremation 
Removal of 
external 
prosthetics before 
cremation 
Alto de São João Not removed Not removed Not removed 
Prado do Repouso n/a n/a n/a 
Ferreira do Alentejo n/a n/a n/a 
Olivais Not removed Not removed Not removed 
Ponta Delgada  Removed Not removed Removed 
Elvas n/a n/a n/a 
Figueira da Foz n/a n/a n/a 
Sintra n/a n/a n/a 
Camarate Removed Not removed Not removed 
Matosinhos n/a n/a n/a 
Porto Santo  n/a n/a n/a 
S. João Madeira n/a n/a n/a 
Póvoa de Santa Iria n/a n/a n/a 
Almada Removed Not removed Removed 
Sesimbra n/a n/a n/a 
Viseu Removed Removed Removed 
Oeiras n/a n/a n/a 
Funchal n/a n/a n/a 
Lapa n/a n/a n/a 
Setúbal n/a n/a n/a 
Paranhos n/a n/a n/a 
Table 6 
Removal of pacemakers and other prosthetics before cremation, in Portuguese crematories14 
 
 Also on the matter of medical implants that could potentially cause problems during 
the cremation of human remains, both of the previously cited reviews (Mari & Domingo, 
                                                          
13 The crematories are, as in previous tables, ordered by opening year, from oldest to newest. 
14 Data obtained via personal communications dated April 18, 2016 (Alto de São João & Olivais); 
May 23, 2016 (Ponta Delgada); May 11, 2016 (Camarate); April 22, 2016 (Almada); May 6, 2016 
(Viseu). 
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2010; Smith et al., 2012) mention the increased use of radioactive nuclides in oncology as 
a matter worth looking into. However, while Mari and Domingo claim that “radioactive 
implants are removed prior to the cremation” (p. 133) and that “cremation of radio-nuclides, 
or radioactive “seeds”, that might remain in a body does not pose a problem due to the 
rather small number of cremations that occur annually and their relatively short half-life” 
(ibid.), Smith et al. consider they may indeed constitute a potential public health hazard if 
cremated, due to the possibility of the nuclides spreading after incineration, and to the 
potential dangers of crematory operators handling radioactive implants and remains. Few 
studies have been conducted on the subject: Que (2001) concluded that the body of an I-
125 prostate implant patient can be cremated safely at any time, but if the body is to be 
cremated less than 20 months (10 half-lives) from the date of the I-125 prostate implant, 
some precautions are needed in handling the cremated remains; Bellia et al. (2006) 
concluded that cremation of the bodies of Pd-103 and I-125 prostate implant patients could 
be a possible radiation source through the ashes, which may potentially be inhaled by 
crematory staff or members of the public; Nelson, Vause Jr, and Koropova (2008) 
suggested, after examination of the body of a patient who had undergone Yttrium-90 
microsphere therapy nearly 5 months previously to treat unresectable hepatocellular 
cancer, that the half-life of these radioisotopes should be acknowledged for the safety of 
those working in mortuaries, funeral homes and crematories. In 2010, a reputable 
Portuguese newspaper reported on the risks associated with the cremation of the body of 
a patient who had undergone I-125 therapy just two months before, and claimed the 
Portuguese Institute of Oncology (IPO) had warned against cremation in the 36 months 
following the placement of the implants (Jesus, 2010). More recently, a recommendation 
issued by the Portuguese government has stated the period to be 24 months (Direção-Geral 
da Saúde, 2015). 
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CHAPTER 3 
ALTERNATIVE BODY DISPOSAL PRACTICES 
 
 In previous sections, we analyzed the most common forms of body disposal in 
Portugal (burial and cremation) and explored their environmental impact. In this section, 
then, we will advance two alternatives currently in use outside of Portugal. 
 Recent years have seen a great deal of innovation in the field of body disposal, from 
adaptations of current practices to the creation of completely new technologies. The Italy-
based Capsula Mundi project, for example, proposes the use of an “egg-shaped pod” 
instead of a coffin or a cinenary urn. This pod, made of biodegradable materials, would 
envelop the body (or the ashes) in the grave, and a tree would be planted on top of it, to 
serve as a memorial to the deceased (Capsula Mundi, 2016). A similar project, the Bios 
Urn, is “a biodegradable urn, designed to turn the ashes of a person or pet into a tree” (Bios 
Urn, 2016). Pia Interlandi, a designer from Australia, has developed, through forensic 
research, Garments for the Grave, “burial garments which have a predictable rate of 
decomposition” (Interlandi, 2013a, 2013b). Various countries have also been pioneers in 
the application of a concept dubbed “natural burial”, “the act of returning a body as naturally 
as possible to the earth”, without many of the extraneous materials that characterize current 
burial practices (Natural Burial Association, 2016a). 
But there are also complete innovations: various new technologies (Cryomation, 
Promessa, and ecoLation) propose a two-stage process, consisting of freezing and 
consequent fragmentation of the body, to present an end product that is aesthetically similar 
to cremation ashes (ecoLegacy, 2016; Incinerator Replacement Technology Ltd, 2016; 
Promessa Organic, 2014). An alternative process, technically known as alkaline hydrolysis, 
but better known under a variety of commercial names (the most popular one being 
Resomation), proposes dissolving the dead body in an alkaline solution, again to obtain an 
end product that is similar to that of cremation (Resomation Ltd, 2016). 
 Out of the body disposal innovations presented, we have chosen to focus on one 
alternative for each of the body disposal practices currently used in Portugal—natural burial 
as an alternative to traditional burial, and alkaline hydrolysis as an alternative to cremation 
(for out of the new processes, it is the only one currently in use, while the others remain in 
the conceptual phase). 
 
1. Natural burial 
 
Natural burial can be defined, as we have stated, as “the act of returning a body as 
naturally as possible to the earth” (Natural Burial Association, 2016a), “as directly and 
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simply as possible” (Harris, 2008, p. 2) in a manner that does not inhibit decomposition. 
Such a concept isn’t necessarily innovative, and indeed, natural burial has been practiced 
for thousands of years, having been interrupted in the recent past by new methods such as 
embalming, metal coffins, concrete vaults, and mausoleums that mitigate the decomposition 
process. The contemporary notion of natural burial, as we will refer to it from here on, can 
therefore be understood as a Western response to contemporary burial methods, hailing in 
particular from the UK and the USA, having been adopted to a smaller degree in Canada, 
Australia, and New Zealand (Marshall & Rounds, 2011; Natural Burial Association, 2016b; 
Natural Burials New Zealand, 2016). 
 
1.1. The history of natural burial 
 
 Natural burial grounds were pioneered in the UK, where the first natural burial 
ground was created in 1993, functioning as an extension to an established Victorian 
cemetery in Carlisle, Cumbria (Clayden & Dixon, 2007). The concept of creating a different 
type of burial space where headstones would not be permitted, but instead each grave 
would be marked by the planting of a tree, was established then, and remains, to this day, 
the most common form of natural burial in the UK (ibid.). This new form of burial was, in 
part, seen as a solution to problems associated with the management of cemeteries where 
maintaining access to graves, many of which were no longer visited, was a costly exercise. 
It was also an opportunity to attach a new purpose to burial, one of creating and conserving 
natural habitat (ibid.). While the Carlisle site was originally described as a woodland burial 
ground, the concept now encompasses a wide range of “natural” environments, from 
wildflower meadows and mature woodland to pasture and orchard, all showing few of the 
traditional forms of material culture associated to cemeteries (Hockey, Green, Clayden, & 
Powell, 2012). Since the establishment of the Carlisle burial ground, over 250 sites have 
been established in the UK, not only by local councils, but also by new providers: charities 
and not-for-profit groups, natural burial companies, funeral directors, landowners and 
farmers (Clayden, Green, Hockey, & Powell, 2010). The majority of these are extensions to 
established local authority cemeteries but there is also a significant, and growing, number 
of privately managed natural burial grounds and a smaller number managed by charitable 
trusts. Since its conception, the design and management of natural burial grounds have 
evolved rapidly, as providers explore the creation of different landscape types (Clayden & 
Dixon, 2007). 
Most of the natural burial sites are members of the Association of Natural Burial 
Grounds, the sector’s organization, established by The Natural Death Centre in 1994 (Kim, 
Hall, Hart, & Pollard, 2008; Natural Death Centre, n.d.).  
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In the USA, the first natural burial ground was established at the Ramsey Creek 
Preserve in South Carolina, in 1998 (Memorial Ecosystems, 2016a). Its founder’s goal was 
twofold: to provide a place for those who wanted a green burial, but also to enlist death in 
the fight for ecological conservation—since land set aside as a cemetery can be protected 
from further development (Carlson & Melker, 2012). Due to this motivation, the focus of the 
Ramsey Creek Preserve burial ground shifts from attending to consumer needs to serving 
“a higher, significant conservation purpose”, as put on their website (Memorial Ecosystems, 
2016b). The site is therefore, considered to be the first conservation burial ground in the 
United States, and potentially the world. 
The distinction between hybrid, natural, and conservation burial grounds isn’t a 
global one, having been created in the USA. The Green Burial Council (GBC), founded in 
2005, established the nation's first certifiable standards for “green” burial grounds, and there 
are currently over 50 certified burial grounds (Green Burial Council, 2016). In order for a 
cemetery to be certified, it must demonstrate compliance with established standards for 
each given category. 
The Green Burial Council distinguishes, therefore, three levels of green burial sites, 
at varied levels of conservation strictness: hybrid burial grounds can refer to a section of an 
otherwise traditional burial cemetery that has been designated for green burials of 
unembalmed bodies in coffins or shrouds; natural burial grounds are exclusively green 
burial sites, and are required to adopt a number of policies to minimize waste and conserve 
energy; such grounds prohibit the burial of bodies embalmed with toxic chemicals, and 
coffins made from non-organic plant material, as well as the use of cement or metal vaults 
or traditional grave markers; finally, conservation burial sites, the strictest green burial 
classification, are established by an independent conservation organization, such as a land 
trust, and are permanently maintained by the conservation organization and kept in 
perpetuity as land permanently preserved in its natural state (Green Burial Council, 2011). 
 At hybrid and natural burial grounds, the burial location may be marked with an 
engraving on natural fieldstone or quarried stone, though conservation burial grounds, 
where the goal is to preserve the natural integrity of the land in its absolute, do not allow 
permanent markers. Instead, conservation burial sites use a GPS system to locate 
gravesites, thus protecting the land in its natural state (SevenPonds, 2016). 
 Conversely, in the UK, Clayden and Dixon (2007) consider that the concept of 
natural burial is fluid in its interpretation. No single model governs the ownership, location, 
design, or management of natural burial grounds, and therefore the experience that users 
have may vary considerably between them. On a similar vein, Davies and Rumble (2012) 
warn that, apart from a broad conceptual definition, an all-encompassing definition for 
natural burial seems impossible. One intriguing yet key perspective upon this difficulty lies 
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in the fact that whereas many may speak conceptually of natural burial in terms of what 
happens below ground, it is what happens above ground that frequently sets the image and 
popular perception of natural burial practices. To apply this to the American categorisation, 
it is easy to understand how audiences may distinguish burial grounds first for their 
appearance (intact woodland in conservation sites vs various degrees of human 
interference in natural and hybrid sites), and only later for their practical characteristics. 
 For the purpose of this dissertation, we will henceforth focus on, in the previous 
words, what happens below ground. 
 
1.2. The process of natural burial 
 
Natural burial grounds, regardless of type, can most easily be defined by what they 
exclude, rather than what they include. Thus, we can consider the bare minimum to be the 
absence of embalming, concrete vaults, and metal coffins (though heavily treated and 
polished wood coffins are often also excluded), all technological advances of the past 
centuries which retard decomposition after burial. Considering their main goal is that of 
providing for the swiftest possible disposal of the dead body, all instances of natural burial 
must respect, at the very least, these minimum criteria. 
 Embalming is, as we have seen in previous sections, not a necessity when disposing 
of a dead body through burial. The same can be said of burial vaults—containers, most 
commonly made of concrete, that enclose a coffin inside the grave, to prevent the ground 
above from sinking once the coffin eventually caves in. In the USA, like sealed hardwood 
and metal coffins, burial vaults are also marketed with the promise to protect the coffin and 
the body inside from the elements, and therefore, from decomposition. The major problem 
with the use of these vaults, and the reason why they are frowned upon by the defenders 
of natural burial, is that they are not bio-degradable (Kelly, 2012), and therefore, will occupy 
grave space indefinitely, all the while keeping the dead body from fully decomposing. In 
Portuguese cemeteries, the most common form of occupation of the underground with 
concrete structures may be attributed to mausoleums, which often feature underground 
crypts, destined to the placement of multiple coffins (as predicted in article 14th of the 
Decree 44220). 
 Regarding the exclusion of metal coffins and heavily processed wood coffins, the 
rationale is the same—it is preferable to use materials which do not hinder decay. To this 
end, the use of biodegradable coffins made out of bamboo, wicker, cardboard, or untreated 
pine is usually the norm (Harris, 2016; Natural Death Centre, n.d.). Some natural burial 
grounds will, likewise, allow or downright encourage the use of burial shrouds instead of 
coffins. 
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Another relevant particularity of natural burial concerns the depth of burial. Natural 
burial will usually give precedence to shallow single depth burials, for a shallow burial is the 
quickest way for a body to naturally degrade (Natural Death Centre, n.d.). A commonly cited 
study on the matter of decomposition of unembalmed bodies buried at varying depths 
demonstrated that the decomposition rate of the bodies is highly dependent on the burial 
depth, environmental temperatures and level of insect activity (Rodriguez & Bass, 1985; 
cited in UK Environment Agency, 2004b). Up to a burial depth of 30 cm, flies were present 
on the grave surface, and observed burrowing down to the cadaver through cracks in the 
soil. Eggs laid by adult flies on the grave surface hatched to produce immature larvae, which 
were also observed migrating down to the cadaver to feed. At 60 cm, no insect activity was 
found. At 120 cm, a buried body was noted to have remained “very well preserved” (UK 
Environment Agency, 2004b, p. 13) throughout the 12 months of the experiment. 
 
1.3. Environmental impact and sustainability 
  
Not many studies have been conducted on the environmental impact of natural 
burial, though it must be assumed it is lower that that of traditional burial, due to the removal 
of pollutants and contaminants inserted into the burial environmental by the funeral industry, 
as we have seen in previous sections. Similarly, the emphasis on minimal to no 
memorialization of individual graves will undoubtedly reflect in less on-site clutter—with 
emphasis on the headstone itself, the sourcing of which can often implicate a vast use of 
resources, as explored by Keijzer and Kok (2011).  
 To our knowledge, the only peer-reviewed study currently available on the matter of 
environmental impact of green burial grounds has to do with groundwater vulnerability (Kim 
et al., 2008). In this UK-based study, the authors survey 49 sites, providing data on 
operational trends, and describing the initial design of a groundwater vulnerability screening 
tool. They concluded that the mean plot density is 1478 graves ha-1 in natural burial sites, 
lower than the typical density for conventional cemeteries, 1975 graves ha-1. This survey 
also suggested the mean burial depth in natural burial grounds is 145 cm, shallower than 
for traditional cemeteries, which will usually dig double-depth graves for two coffins, 180 cm 
below ground level. We have seen shallow burials are less likely to retard decomposition 
(even though 145 cm is already rather deep by the standards set forth by Rodriguez and 
Bass, already discussed), but from a perspective of groundwater vulnerability, they also 
result in a thicker layer of soil between the base of the grave and any underlying 
groundwater, through which attenuating processes may occur, potentially lessening the 
polluting effects (Kim et al., 2008). For the second part of the study, the coordinates of 
131 natural burial grounds were used to extract nationally compiled data on seven physical 
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parameters, including distance to bodies of water. These parameters were then used to 
develop a groundwater vulnerability screening tool, which identified no high-risk sites out of 
the studied sample. 
 Another side of environmental impact that is particularly worth discussing in the 
context of natural burial is its future sustainability. According to the Natural Death Centre 
(2016), the website of the UK Association of Natural Burial Grounds, “historically, most 
natural burial grounds have envisaged their land passing to the county wildlife charities or 
similar organisations”. Nevertheless, there’s no guarantee that these charities will be 
interested in taking on “full” burial grounds, particularly if they are small and isolated, or if 
they fear that their interests may conflict with the interests of the bereaved who may still 
visit or own rights of burial. Davies and Rumble (2012) explore the kind of conflicts that may 
arise between site management and the family of deceased, focused mostly on what 
constitutes the “natural” fraction of natural burial, and on the tension between the anonymity 
of individual graves, desired and encouraged by site management, and the family’s need to 
identify and individualize their loved ones in some way (Davies & Rumble, 2012). It is likely 
that such conflicts would stand in the way of secondary, productive uses of natural burial 
grounds—agricultural use and grazing being options for meadow-style sites, and wood 
production an option for woodland-style sites. The latter option would not entail the chopping 
of memorial trees, but of woodland established along with them (Natural Death Centre, 
2016).  
 
2. Alkaline hydrolysis 
 
 Alkaline hydrolysis (henceforth AH) is a reductive chemical process through which 
tissues are dissolved in a heated (sometimes pressurized) solution of water and strong 
alkali (such as potassium hydroxide or sodium hydroxide), yielding an effluent that can be 
disposed through municipal sewer systems, and brittle bone matter that can be dried, 
crushed, and returned to the decedent’s family (Olson, 2014; Olson, 2015). For the 
purposes of this dissertation, we are interested in AH as a funerary practice, though this is, 
by all means, a recent use of this technology. 
 
2.1. The history of alkaline hydrolysis 
 
AH was first patented in the USA in 1888, by Amos Herbert Hobson from Middlesex, 
England, whose main interest in the process was its ability to remove nitrogenous materials 
from animal carcasses in order to produce suitable fertilizer and byproducts. While this is 
not the use of AH we are most interested in, Hobson’s patent is relevant in that it defined 
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the process of low temperature alkaline hydrolysis in great detail (DeathLab, 2013; Wilson, 
n.d.). 
A hundred years later, in the early 1990s, two biomedical researchers at Albany 
Medical College, New York—Dr. Gordon Kaye and Dr. Peter Weber—began using AH to 
dispose of dead laboratory animals (Olson, 2015). In 1993, in Scotland, Dr. David Taylor 
developed a hot alkali process to effectively destroy cow carcasses infected by bovine 
spongiform encephalopathy (mad cow disease). It continues to be the only process known 
to effectively remove all risk of further contamination, due to its ability to eradicate the deadly 
prions, or misshapen proteins, that cause the illness (DeathLab, 2013; Kamenev, 2010). In 
1994, Kaye and Weber also patented an equipment which is now commonly known as a 
“tissue digester” or “caustic digester”, versions of which continue to be used internationally 
in a variety of contexts, including bio-containment facilities, biomedical and veterinary 
research facilities, diagnostic centers, the food service, and pharmaceutical industries 
(Olson, 2015). 
Having been designed for veterinary use, the aforementioned AH equipments were 
designed to hydrolyze large amounts of animal waste (between 1.500 and 10.000 pounds) 
in a single cycle (ibid.). 
The shift to human use, as far as our current knowledge, first happened in 1995, 
when the University of Florida began using AH for disposal of dead human bodies 
(DeathLab, 2013). The Mayo Clinic, in Minnesota, followed in their footsteps in 2005 (Love, 
2008; Mayo Clinic, 2016), but with an innovation—their AH equipment, designed and built 
by Kaye and Weber, would be the first single-human-body AH equipment in history (Olson, 
2015). 
It was this machine that paved the way for AH’s introduction into the funeral industry, 
for it fit with a prevailing Western funerary ideal that “prohibits the comingling of multiple 
human remains, in the interest of showing respect (materially and symbolically) for the 
individuality of the human person, even after death” (Olson, 2015, p. 78). 
As a funerary practice, AH is currently legal in 10 US states (Colorado, Florida, 
Georgia, Illinois, Kansas, Maine, Maryland, Minnesota, Oregon, and Wyoming) (“Alkaline 
Hydrolysis Laws in Your State,” 2015). As of April 2014, legislation for the approval of AH 
for use in funerary practice was being considered in New Jersey, New York, North Carolina, 
Ohio & Pennsylvania (Marsden, 2014). It’s worth pointing out that even though it is used as 
a means of disposal of cadavers in research facilities in California, it is not legal as a 
funerary practice in this state, an interesting example of the conceptual and often practical 
divide between non-funerary AH systems and funerary AH systems, as explored by Olson 
(2015, p. 80). 
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Apart from the USA, AH is currently legal in 3 Canadian provinces (Ontario, Québec, 
Saskatchewan) (Christianson, 2012; Qeepr, 2015) and in Australia (Kamenev, 2010). In the 
Netherlands, debates began in 2014 to decide whether to legislate in favor of AH (Cancer 
et Psychologie, 2014). 
Alkaline hydrolysis has been presented to the public under different names, given 
by different providers. In North America, BioSAFE Engineering calls it Water Resolution; 
Eco-Green Cremation System calls it Natural Cremation; Bradshaw Funeral & Cremation 
Services calls it Green Cremation; and CycledLife and Bio-Response Solutions call it by its 
technical name, alkaline hydrolysis (DeathLab, 2013). Scotland-based provider Resomation 
Ltd calls it, as the name implies, Resomation, a designation that is sometimes shared by its 
exclusive US distributor, Matthews International Inc, and sometimes replaced with Bio-
cremation (Matthews Cremation, n.d.; Resomation Ltd, 2016). In Australia, it is known as 
Aquamation and provided by Aquamation Industries (“What is aquamation?,” 2016). 
 
2.2. The process of alkaline hydrolysis 
 
The design of funerary AH systems and the duration of the process vary, depending 
upon the temperature and pressure at which the process is supposed to be carried out 
(Olson, 2014). We will describe two methods. 
The first, used by Scotland-based Resomation Ltd and its US partner Matthews 
International Inc, and described by Keijzer and Kok (2011), works as follows: 
 
Before the Resomation process, the body should be clothed in tissues made of 
protein, being silk, wool or leather. [...] The body, wrapped in a biodegradable bag, 
is placed in a reusable bucket made of stainless steel. It is then put in the resomator, 
which has similar dimensions as a cremation oven. [...] Inside the resomator, load 
blocks determine the weight, after which the exact precalculated volumes of water 
and lye are added. [...] The inside of the resomator is heated up to about 180 ˚C by 
means of an internal steam heated stainless coil fed by a gas run boiler system. The 
pressure is run at up to 10 bars to reach the required temperature and for an optimal 
hydrolysis. [...] [When the process is complete], cold water is run through the coil in 
order to cool down the liquid to an acceptable level and the resomator is drained. 
(Keijzer & Kok, 2011, p. 31) 
 
The Resomation process takes place for about 2 to 3 hours (Keijzer, 2011), and 
potassium hydroxide is considered to be the best option in terms of alkali (Bio Cremation, 
2016). 
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 A different brand, Aquamation, follows the following process: 
 
[...] a body is placed in a stainless-steel vat containing a 200°F (93°C) potassium-
hydroxide-and-water solution for four hours until all that remains is the skeleton. The 
bones, which are soft at that point, are then crushed and presented to the 
deceased's family. The residual liquid contains no DNA, and the procedure uses 
only 5% to 10% of the energy that cremation uses, says John Humphries, a former 
funeral-home director who is now the chief executive of Aquamation Industries, 
which launched its services in August. According to Humphries, Aquamation 
accelerates the processes that occur in nature. Even the residual liquid can be 
recycled: Humphries measures the pH after the procedure is completed, and if it's 
deemed too high in alkalinity, he adds vinegar or citric acid to it afterward. By that 
time, he says, it's safe enough to pour on the rose bushes. (Kamenev, 2010) 
 
As we can see, the temperature and pressure used in the AH system will greatly 
influence the duration of the process, with the longest processes taking up to 12 hours in 
low temperature, unpressurized systems (“Alkaline Hydrolysis Laws in Your State,” 2015; 
Olson, 2015). 
The end products of AH processes, regardless of their specifics, are: a sterile, non-
toxic, DNA-free, greenish-brown solution containing amino acids, peptides, sugars and salts 
(“Alkaline Hydrolysis Laws in Your State,” 2015; Keijzer & Kok, 2011; Mirkes, 2008; Olson, 
2014; Qeepr, 2015); and soft, porous white bone remains comprised of calcium phosphate 
(DeathLab, 2013).  
Although all AH system inventors claim that the effluent liquid can be released 
straight to the sewage system—or even to a green space, for it is considered safe and 
biodegradable (Qeepr, 2015)—without further cleaning, no exact information on the 
composition of this fluid was available at the time of the exhaustive study conducted by 
Keijzer and Kok (2011) in the Netherlands, regarding the potential environmental burden of 
AH. The authors point out, though, that the exiting pH will be between 10.5-11.5, which may 
be in need of adjusting to meet local disposal standards. There is still a marked lack of 
information on this matter, and no studies so far have either confirmed or denied the claims 
of AH system suppliers. 
The brittle bone material, on the other hand, is dried and crushed, and may be 
returned to the deceased’s family in a form not unlike that of cremation ashes. Implants 
such as dental fillings, prosthetic joints, or pacemakers can be easily separated from the 
bone fragments, to be reused, recycled, or otherwise properly disposed of (“Alkaline 
Hydrolysis Laws in Your State,” 2015; DeathLab, 2013; Keijzer, 2011; Olson, 2014). 
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The AH unit is completely cleaned between cycles, so there is no cross-
contamination between bodies (Mirkes, 2008). 
 
2.3. Environmental impact and sustainability 
 
One AH cycle will use up to 500 liters of water (Atkinson & Tavner, 2008; Flossing 
& Kramer, 2009; Matthews Cremation, 2009) and about 90 kWh of electricity. (DeathLab, 
2013; Green 2008). Keijzer (2011) considers this to be a small value, and demonstrates it 
in the following manner:  
 
Taking a bath requires about 100 liters of water; a Resomation equals then 5 baths. 
Consider a person that takes a bath every once a week. If this person would be able 
to live 2 months longer, more water would be used than for a single Resomation. 
Nevertheless, at a location or in a time period where water is scarce, Resomation 
might be a point of discussion. (Keijzer, 2011, p. 42) 
 
Online sources point out AH consumes a mere fraction of the energy consumed by 
cremation, but there is no mention of exact figures: DeathLab (2013) and Bio Cremation 
(2010) both report a 1/8th of the energy usage, while Cancer et Psychologie (2014) reports 
1/7th of the energy usage, citing Sandy Sullivan, creator of Resomation Ltd; Qeepr (2015) 
reports AH represents anywhere from 1/10th to 1/20th the carbon footprint of traditional 
cremation, citing Samantha Sieber, Vice President of Research for Bio-Response Solutions; 
Marsden (2014) states AH “uses just 10% of the energy used during a cremation process”; 
Mirkes (2008) states “it has been reported that the carbon footprint of alkaline hydrolysis is 
twenty times less than that of cremation” (Mirkes, 2008, p. 688). 
 Regarding emissions, since AH is not, as we have seen, a combustion process, no 
emissions are released into the atmosphere (Carubia, 2013; Love, 2008; Mayo Clinic, 2016; 
Rumble, Troyer, Walter, & Woodthorpe, 2014). From this standpoint, then, AH effectively 
“fixes” the problem of mercury emissions from vaporized mercury in dental amalgam 
(Carubia, 2013; Love, 2008; Olson, 2014; Rumble et al., 2014; University of California, 
2016). Furthermore, since it is easy to see teeth among the bone remains, a person 
monitoring the process can physically remove dental amalgam, the major source of mercury 
emissions, and dispose of it appropriately (Mirkes, 2008). Likewise, it is possible to recover 
intact prosthetics after the AH process has finished, giving AH what many authors consider 
to be a relevant advantage, that of allowing orthopaedic metals to be not only recycled, but 
also reused (Carubia, 2013). 
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 However, AH also brings forth a new concern, regarding the effluent that is 
discharged into municipal sewage. Opposers of AH claim that not enough is known about 
possible health and safety issues, and it is currently impossible to prove or disprove this 
claim. While extensive monitoring in St. Petersburg, Florida—where a AH unit has been 
functioning since 2011 (Bowdler, 2011) —has shown no adverse effects on water quality 
(“Alkaline Hydrolysis Laws in Your State,” 2015), the results of this study are not available 
for consultation, and to our knowledge, no others have been conducted. 
 Also, Rumble et al. (2014) raise a further concern: if and when AH becomes a more 
widespread mode of disposal for human bodies, there will be no guarantee that drinking 
water will not have been recycled from this process, and it is difficult to predict whether this 
will prove to be culturally acceptable. 
 Another point worth discussing regarding the AH effluent is raised by Olson (2014), 
citing one early adopter of funerary AH, Jason Bradshaw of Bradshaw Funeral and 
Cremation Services, who anticipated that families would someday ask to receive the AH 
effluent, though none had done so up until that point. 
 It will also be necessary to define the ultimate end of this effluent—it can be sent 
down the drain, but other proposed uses of the fluid include agricultural fertilizer or compost, 
either used by the families or other institutions (“Alkaline Hydrolysis Laws in Your State,” 
2015; Rumble et al., 2014). It is possible it may contribute to eutrophication, or bring forth 
new and yet unexplored consequences, comparable to those caused by the scattering of 
cremation ashes, but the technology hasn’t been in use long enough to know. 
 Other advantages of AH are similar to those of cremation—in terms of land use, 
even if families choose to bury the ashes, they won’t take up nearly as much space as a 
casketed body (Love, 2008; Mirkes, 2008). In addition, AH does not require a purpose-built 
building as equipment can be retrofitted inside existing crematories (Carubia, 2013). In a 
debate on the subject of Resomation, conducted at the Cremation & Burial Conference & 
Exhibition 2010 in the UK, it was inclusively suggested that the equipment could be easily 
installed “in a garage” (Thomas, 2010). 
 In what concerns the cost for the consumer (which, as we have seen, is the most 
relevant of all consumer-based motivations for change within the funeral industry [Beard & 
Burger, 2015]), the cost of AH for a human body is similar to that of cremation and 80-90% 
less than the cost of traditional burial in the USA (Mirkes, 2008). The per-cycle costs of AH 
are much lower than those of cremation—due to less maintenance, lower per-cycle 
expenses, and cost savings from not needing mercury-abatement equipment—but the initial 
purchase of a resomator is much more costly than that of a cremation furnace (ibid.). In the 
aforementioned debate conducted in the UK, the UK Cremation Society agreed the 
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difference may be nearly 100%, with a crematory costing 150 000 £, and a Resomation unit 
costing 300 000 £ (Thomas, 2010). 
At last, other benefits associated with AH include its ability to destroy all RNA, DNA, 
and pathogens, including infectious prions (Mirkes, 2008; Olson, 2014). The process is also 
claimed to be able to break down embalming fluids, cytotoxic agents, and biological and 
chemical warfare agents into harmless materials (Olson, 2014). These claims, according to 
Olson, seek at once to allay concerns about the contents of the effluent being released into 
wastewater treatment facilities, and to highlight AH’s superiority to disposition methods that 
could release these chemicals into the atmosphere (cremation) or directly into soil and 
groundwater (burial) (ibid.). 
 In a study conducted in the Netherlands in 2011 on the environmental impact of 
different funeral technologies (traditional burial, traditional cremation, AH, and Cryomation) 
by the Netherlands Organization for Applied Scientific Research (TNO), Keijzer and Kok 
concluded that, for an average deceased in the Netherlands, the total environmental impact 
is highest for burial followed by cremation, with AH representing the lowest impact of all 
funeral techniques (Keijzer & Kok, 2011). We must, nevertheless, exercise caution when 
citing this study, for the authors themselves point out the possibility of biased results, since 
the information used for the calculations was, due to lack of other sources, sourced strictly 
from AH providers, namely Resomation Ltd (Keijzer, 2011). The authors also stress the 
essential need to know more about the effluent that is released to sewage in the AH 
process, something which, according to them, could be achieved with relatively simple 
analyses (ibid.). 
 The authors also put forth an interesting point of discussion, namely, the fact that 
future developments may heavily influence the results obtained in their study. The authors 
name a few trends one should pay attention to in order to accurately judge the 
environmental impact of body disposal practices: a scarcity of fossil fuels might cause the 
environmental impact of cremation to become worse; likewise, the environmental impact of 
AH could be altered if water were to become a scarce resource; climate change could also 
influence decomposition processes in buried human remains; finally, and this one is already 
upon us, the amount of mercury fillings is already decreasing and being replaced by other 
filling materials, lowering the advantages of AH over cremation regarding that particular 
aspect (Keijzer & Kok, 2011). 
 
2.4. Social and religious controversies 
 
 AH has faced various obstacles and controversies since its inception, most of them 
motivated by what we can summarize as failure to demonstrate proper respect for the 
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human body, a concern which has been raised in the name of public morality in general, 
and religious ethics in particular (Olson, 2015). Much of the debate has been played out 
before, with many of the arguments used against AH being reminiscent of arguments used 
against traditional cremation, particularly prior to the lifting of the ban on cremation by the 
Catholic Church in 1963.  
In 2008, The New York State Catholic Conference wrote a memo to the state 
legislature regarding a 2007 bill that would have allowed hospitals and medical research 
facilities to use AH as an economical means to dispose of bodies they received for research. 
It claimed that “respect and reverence in handling a human body must not be sacrificed for 
financial benefits” and that “compassion, at all times, must be provided to a family’s 
deceased love one [...] chemical digestion [as AH was referred to in the bill] is anything but 
compassionate” (Ernster, 2008). Later, in 2011, the same conference reiterated that “the 
Church’s reverence for the sacredness of the human body and its dignity arises out of 
concern for both the body’s natural and supernatural properties [...] processes involving 
chemical digestion of human remains do not sufficiently respect this dignity” (Catholic News 
Agency, 2012). Elsewhere in the USA, the Catholic Conference of Ohio has contributed to 
the defeat of AH legislation, arguing that “dissolving bodies in a vat of chemicals and pouring 
the resultant liquid down the drain is not a respectful way to dispose of human remains” 
(“Alkaline Hydrolysis Laws in Your State,” 2015), though the issue is currently being 
reconsidered. In New Hampshire, the AH process was legal for several years, but it was 
banned in 2008, and a proposal to legalize it was again rejected in 2013, in part due to 
similar objections put forth by the Diocese of Manchester (Mirkes, 2008). 
Other Catholics, however, such as Franciscan Sister and bioethicist Renée Mirkes, 
have concluded that AH can be considered “morally neutral” (Mirkes, 2008, p. 695) and 
much like cremation from the Catholic point of view, since they both achieve accelerated 
decomposition of the human body, resulting in grossly similar by-products. 
It seems the main point of contention regarding the disrespectful quality of AH 
pertains to the disposal of effluent into the sewer system, a concern which, while valid, also 
applies to the far more socially accepted embalming process, which effectively replaces the 
blood in the body with embalming fluid, and disposes of the former into the sewage system 
(Harris, 2008; Mirkes, 2008). It could be argued that the quantities at stake are not 
comparable (5 liters of blood during embalming vs an entire body’s worth of organic material 
dissolved in up to 500 liters of water and alkali), but such an argument would bring forth a 
question: is the point of contention the amount of human remains being disposed of, or the 
fact that they are being disposed of in this way at all? 
Adversaries of AH also commonly express disgust at the thought of human remains 
somehow finding their way back into the bodies of the living through municipal water 
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supplies and food either watered with this water, or grown from AH effluent fertilizer (Olson, 
2015). Regarding this matter, Rumble et al. (2014) explore the way innovative death 
practices challenge the discourse of nineteenth-century burial and twentieth-century 
cremation, which contained the dead within special death spaces, separated from everyday 
environments for the living. In their study, the authors explore not only AH, which effectively 
disperses human remains back into environments that sustain the living, but also practices 
we have already mentioned, such as the recovery of medical implants taken from dead 
bodies (for recycling purposes, after cremation15; or for reuse, after AH), or heat recycling 
from crematories, in which heat generated by burning bodies may now be dispersed to 
everyday spaces to warm the living rather than go to waste. According to the authors, the 
nineteenth-century notion of the polluting dead, who had to be removed through deep burial 
or fire, is now being gradually supplemented by the notion of the useful dead, which may 
come off as disrespectful and excessively utilitarian (Rumble et al., 2014). Olson (2014) 
further theorizes that anxieties regarding the blurring of the border between the living and 
the dead stem from commonly accepted norms of self-contained and autonomous 
individualism, which are perceived to be violated when the dead body is allowed “to run 
amok and to breach, invisibly and undetectably, the sacred borders of individual 
sovereignty” (Olson, 2014, p. 681). It is not difficult to imagine how one may be made 
uncomfortable by the scattering of ashes next to a place of recreation, for example. 
 Regarding the social obstacles and controversies faced by AH, Love (2008) argues 
that getting the public to accept a process that strikes some as ghastly may be the biggest 
challenge.  
 
2.5. Legal controversies 
 
 We have touched briefly on the social controversies raised by AH, but this 
dissertation is particularly interested in discussing the legal side of the matter, which will be 
in due time applied to the Portuguese reality.  
 In the USA, by all means the pioneer country in terms of application of AH, most 
states that have legalized AH (with the exception of Oregon and Minnesota) have done so 
by classifying it as a form of cremation—a strategy that, according to Olson (2014), 
“streamlines the legal and regulatory process by allowing AH to piggyback on the regulatory 
infrastructure that already governs cremation” (p. 674), “just as it renders regulatory control 
more open-ended” (p. 682). In Florida, for example, cremation is defined as a thermal and 
                                                          
15 A practice which is already in use by firms such as Netherlands-based Orthometals (Orthometals, 
2015). 
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mechanical process, so AH complies with the law (Rumble at al., 2014). However, Tanya 
Marsh, funeral law specialist and professor at Wake Forest University School of Law, states 
that “most states explicitly limit the legal methods of disposition to burial, entombment, 
cremation, and donation for educational or scientific purposes. Some states may have a 
broad enough definition of cremation to include methods of accelerated decomposition that 
don't involve fire, but most states specifically define cremation as a process involving fire” 
(Qeepr, 2015). 
 In the UK, AH is not illegal, so long as it is not performed in an unlawful way such 
as offending public decency or contravening other (for example, public health) laws (White, 
2011; cited in Rumble et al., 2014). In 2008, the UK Cremation Society voted to amend its 
constitution to allow it to support AH, as they considered it “to be an acceptable and viable 
adjunct to cremation” (Cremation Society of Great Britain, 2010). Nevertheless, for AH to 
become available to the public, it is necessary for the Ministry of Justice for England and 
Wales to recognize and regulate the process (Cremation Society of Great Britain, 2010; 
Rumble et al., 2014). 
We are thus able to understand that different legal histories and frameworks make 
innovation more or less possible, depending on the country (Rumble et al., 2014). The next 
section will explore the matter according to the Portuguese legal system. 
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CHAPTER 4 
IMPLEMENTATION OF NATURAL BURIAL AND ALKALINE HYDROLYSIS IN 
PORTUGAL 
 
 In previous chapters, we have explored the body disposal practices currently in use 
in Portugal (burial and cremation) and their environmental impact. We have also delved into 
two potential alternatives, natural burial and alkaline hydrolysis. In this chapter, then, we will 
assess the feasibility of implementing these alternative body disposal practices in Portugal, 
from a legal standpoint. 
 
1. Implementation of natural burial in Portugal 
 
 Regarding the implementation of natural burial in Portugal, we will recover the point 
made by Davies and Rumble (2012) regarding the distinction between what happens above 
ground (how the cemetery looks) and below ground (how the cemetery works). We have 
seen the Portuguese cemetery is very much a 19th century creation, and such a history is 
well reflected in its appearance. The mandatory walls, gate, and paved paths call to mind 
visions of Romantic cemeteries, heavily focused on elaborate constructions and forms of 
memorialization. As the natural burial movement strays from that form of memorialization, 
instead using options such as planting a tree on each grave, combining such goals with the 
concept of the Portuguese cemetery may be a challenge. 
 
1.1. Private initiative in the creation of natural burial grounds 
 
 Let us begin, then, by studying the extent to which it’d be possible to implement 
natural burial grounds in Portugal, today. First and foremost, private initiative, which has 
done so much to further the development of natural burial grounds in its pioneering 
countries, is out of the question—we have established the Portuguese legal system does 
not allow for privately-built cemeteries. We are, then, reduced to public initiative, either in 
the form of extensions to established cemeteries, or completely new ones, built with natural 
burial guidelines in mind. An interesting case of a publicly-owned but privately-managed 
cemetery that’s taken steps in the direction of environmental consciousness is the municipal 
cemetery of Elvas, which we’ll discuss in greater depth later. 
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1.2. Implementation of “conservation” burial grounds 
 
 We have previously stated that the distinction between hybrid, natural, and 
conservation burial grounds isn’t a global one, having been created in the USA by The 
Green Burial Council (GBC). However, we shall use it to explore the extent of potential 
application of natural burial concepts in Portugal.  
Starting from the strictest form of natural burial, the conservation burial site is, as we 
have seen, established by an independent conservation organization and kept in perpetuity 
as land permanently preserved in its natural state. Conservation burial grounds, where the 
goal is to preserve the natural integrity of the land in its absolute, do not allow permanent 
markers, and instead, use a GPS system to locate gravesites.  
This is completely antithetical to the legal definition of the Portuguese cemetery, due 
to a confluence of reasons: private ownership is not allowed, so independent conservation 
organizations could never own a cemetery; all cemeteries must be built by city halls or civil 
parish councils. Furthermore, as we have explored in an earlier section, the Portuguese law 
demands that all cemeteries feature a series of infrastructures, the bare minimum of which 
are a wall, a gate, and paths, the dimensions of which are all regulated in the law. The 
cemetery must also include plots for temporary and perpetual graves, mausoleums and 
ossuaries, the latter two being inconsistent with the aims of a conservation burial ground. 
The Portuguese cemetery is, likewise, supposed to be of a regular shape, made up of 
rectangular plots, and green spaces should take up no more than 30% of the space 
dedicated to burial, which is once again incompatible with the conservation burial ground, 
where nature takes precedence over man-made constructions. Some recent cemeteries—
such as the Carnide cemetery in Lisbon, or the Monchique cemetery in Guimarães (Câmara 
Municipal de Guimarães, 2016; Câmara Municipal de Lisboa, 2016)—have taken steps to 
challenge these regulations, in the sense that they have chosen to work with the geography 
of their particular locations and to place emphasis on “ambiguous” green spaces, rather 
than on the clear-cut distinction between paths, gardens, and burial areas that the 
Portuguese legislation seems to favor. These attempts at modernizing the Portuguese 
burial space by making it look less “overgrown”, less oppressive, and less focused on 
funerary monuments seems to us to have produced a result that holds more similarities to 
the lawn cemetery, which is so often seen in the USA, than to the natural burial grounds 
this section is concerned with—nevertheless, the fact that these cemeteries have been 
designed and constructed in such a way may very well symbolize a willingness to change 
the way we, as a country, visualize our burial spaces. 
Finally, regarding the matter of grave markers, it is important to state that, unlike the 
upright headstones the literature refers to in settings such as the USA and the UK, the 
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Portuguese version of a traditional “gravestone” would most suitably be described as a 
monument. It consists of two main volumes: a stone platform placed over the grave, where 
the bereaved can then place offerings and decorations, and an upright headstone, featuring 
the identification of the deceased, often accompanied by an inset photograph. This 
monument is mandatory in perpetual graves, according to the Decree 48770 of November 
22 1968, but different cemeteries may offer different timeframes during which the work must 
be completed—Lisbon and Porto, for example, allow up to 12 months for the placement of 
the monument16. Different cemeteries may also wish to define or limit the types of 
monument one may construct on a perpetual grave—the regulations for the municipal 
cemeteries of Mangualde, for example, only allow monuments to be constructed out of grey 
granite, a type of stone which is native to the region. Such decisions may seem reasonable 
from an administrative point of view, as they attempt to make the public cemetery as 
equitable as possible, but it is also possible they may be understood as an affront by the 
bereaved, who have come to see the traditional Portuguese cemetery as a place to 
individualize and memorialize their dead loved ones. It is likely that such a reaction could 
also be provoked by an attempt to abolish grave markers altogether, which, as we have 
seen, is one hallmark of the conservation burial ground. 
Someone going for the least wasteful form of burial in Portugal, then, would therefore 
be forced to opt for temporary grave should they wish to forgo the monument. Even so, it is 
mandatory that all graves are “properly numbered”, according to the Decree 48770 of 
November 22 1968, and “grouped in plots as rectangular as possible” (even though, as we 
have seen, recent cemeteries are starting to challenge this highly structured form of 
construction). 
It is, therefore, clear from this overview of the law that there is little conceptual 
overlap between the simplest of Portuguese cemeteries, even one which follows regulations 
to their bare minimum, and the sprawling, minimally altered conservation burial ground.  
 
1.3. Implementation of “natural” burial grounds 
 
According to the categorization we are following, the natural burial ground is a site 
devoted exclusively to natural burial, required to adopt a number of policies to minimize 
waste and conserve energy; such grounds prohibit the burial of bodies embalmed with toxic 
chemicals, and coffins made from non-organic plant material, as well as the use of cement 
or metal vaults or traditional grave markers.  
                                                          
16 As previously stated, the Regulations for the municipal cemeteries of Lisbon and Porto may be 
found under Edital 60/84, for Lisbon; and under section D-5 of the Código Regulamentar do Município 
do Porto, for Porto. 
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Within the construction limitations we have seen (walls, gate, paths, two types of 
graves plus mausoleums and ossuaries), the application of such a model may seem 
theoretically possible in Portugal. As expected, no part of the law is against the reduction of 
waste or the conservation of energy. Individual burial vaults are not commonly used in 
Portugal, and neither is embalming—although with the recent regulation of the activity, it is 
possible its importance will rise in the future.  
Nevertheless, the same obstacles stand: the Portuguese law limits how “natural” a 
cemetery can look above ground, from what must be built to the amount of green space 
one must account for (the aforementioned 30%). Exceptions are starting to crop up, though, 
as we have mentioned in the previous section. 
An important point of contention is the concept of marking a grave with the planting 
of a tree, an action which, as we have seen, is the most common form of natural burial in 
the UK (Clayden & Dixon, 2007). As we have stated in the previous section, the construction 
of a monument is mandatory in perpetual graves in Portuguese cemeteries. One may still, 
of course, opt for a temporary grave, but it will never be truly “unmarked” (the cemetery itself 
will enforce the use of numbered markers, according to what is predicted in Decree 48770), 
and in any case, it would not make sense to plant a tree as a temporary grave marker—for, 
as we have seen, temporary graves are generally meant to be dug up and renewed after a 
period of 3 years. 
A further argument against the concept of using trees as grave markers can also be 
pulled from article 20th of the Decree 44220 of March 2 1962, which states one should 
indeed plant trees, shrubs, and other plants in the cemetery, but trees should be reserved, 
“preferably”, for the areas furthest away from graves. It is worth noting, though, that this is 
a 50-year-old standard, implemented in order to keep roots from disturbing the monuments 
placed over the graves and the underground sections of mausoleums. Should the interest 
in natural burial become relevant enough to contest this standard, it is possible that it would 
be easy to replace it.  
 
1.4. Implementation of “hybrid” burial grounds 
 
The hybrid burial ground can refer to a section of an otherwise traditional burial 
cemetery that has been designated for burials of unembalmed bodies in coffins or shrouds. 
Overall, we must state right away that burial of a shrouded body is not currently permitted 
according to Portuguese law, which predicts burial only inside wood or metal coffins.  
If we explore the concept of “hybrid burial ground”, we will find examples such as 
that of River View Cemetery, located in Portland. This cemetery is registered with the Green 
Burial Council as a hybrid ground which, rather that restricting natural burials to one specific 
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section of the cemetery, “has become one of the first cemeteries in [the USA] to allow 
natural burial in nearly every area of the cemetery” (River View Cemetery, 2016). It’s 
interesting to note that, by this definition, the average Portuguese cemetery constitutes a 
hybrid burial ground—a place where the deceased can be buried either according to more 
“Americanized” standards of ground burial (embalming, metal coffin) or according to more 
natural beliefs (without embalming, in a wooden coffin, and in some cases, without a 
tombstone). 
In the end, the “greenest” form of burial a Portuguese individual can choose is 
ground burial in a biodegradable wood coffin, in a temporary grave with no embalming and 
no monument. In the end, there is nothing so extraordinary about such preparations—
temporary graves have been standard of Portuguese cemeteries since the 1835 law, when 
their renovation was planned for every 5 years, and the concept of such a simple burial 
would be nothing more than a return to what was once standard practice. 
Inclusively, in 1963, Vítor Manuel Lopes Dias, in a work that’s been heavily cited 
and referenced in the field, defended the simplest form of burial (with the body wrapped in 
a shroud, or even just in plain clothes) as the ideal solution for a cemetery—“the placement 
of dead human bodies directly inside the grave is the system which allows for the easiest, 
quickest, most hygienic, and therefore, most convenient consumption” (Dias, 1963, p. 286). 
He added that such was the ideal solution, for it allowed for the successive use of the terrain 
for new burials, as soon as the resting period had come to an end. 
 
1.5. Case study: the Elvas municipal cemetery 
 
An interesting case in Portugal is that of the municipal cemetery in Elvas, the 
management of which was transferred to private entity “Funelvas - Concessionária de 
Espaços Cemiteriais, Lda” (a branch of Servilusa [Servilusa, 2016a]) on April 18 2007, for 
a period of 20 years. Later, it was reported by the media that this cemetery would be the 
first in Portugal to receive an environmental certification, achieved through a dedication to 
the use of environmentally friendly materials such as biodegradable coffins without metals 
and synthetic glues (using instead wood joints and water-based glues and varnishes), and 
with interiors made out of natural fibers (“Cemitério ecológico,” 2008; “Único cemitério com 
certificado ambiental do país,” 2009). The argument presented to the media was one of 
hastening the reuse of graves (“Cemitério ligado ao ambiente,” 2008). It was likewise 
reported that the addition of a “decomposition-hastening biological product”, the cost of 
which would be 120 €, to be supported by the bereaved in addition to the funeral service, 
would be mandatory for all burials in the Elvas municipal cemetery. Following Beard and 
Burger’s typology of motivations for change in the funeral industry (2015), which we have 
65 
 
previously mentioned, this is a situation where we may observe an overlap between the 
industry’s desire for a profit and the consumer’s desire to obtain an environmentally-friendly 
burial. 
The cemetery Regulations (found under Regulamento n.º 277/2008) confirm both 
the impossibility of burying coffins made of materials other than wood (article 13th 
paragraph 4) and the mandatory deposit of “materials which accelerate decomposition of 
the body” (article 20th paragraph 1), but predict that other rules may be present in internal 
standards. We contacted Servilusa in an attempt to understand the rationality behind the 
management of the Elvas municipal cemetery, but we achieved no response. 
 To our knowledge, this is the only current attempt at environmentally-friendly burial 
practices in Portugal, and while the use of biodegradable materials is a match for natural 
burial, it is unclear whether the rest of the cemetery is equally dedicated to matching the 
standards for foreign natural burial. 
 
2. Implementation of alkaline hydrolysis in Portugal 
 
 In the previous section, we analyzed the feasibility of adapting natural burial 
concepts to the Portuguese reality. In this section, we will do the same regarding alkaline 
hydrolysis, with a sharp difference—while natural burial is, for all intents and purposes, a 
form of burial, AH is a completely new technology, which has yet to be regulated (or even 
mentioned) in Portuguese law. 
 
2.1. The legality/illegality of non-regulated forms of body disposal 
 
 According to article 25th, of the DL 411/98, both inhumation outside public 
cemeteries and cremation outside the places predicted in the law (which, as we have seen, 
are properly regulated cemeteries and funerary centers) are considered misdemeanors, 
punishable with monetary fines. The same article states that the act of offering cremation 
services outside properly regulated cemeteries and funerary centers is a serious 
environmental misdemeanor, punishable with considerably higher fines, according to article 
22th of the Law 50/2006 of August 29.  
There is no mention of alternative forms of body disposal constituting 
misdemeanors, most likely due to two reasons. First, it is possible that alternative forms of 
body disposal, due to their recent development and fringe appeal, are not relevant enough 
to warrant an explicit mention in the law. Second, it is likely such situations would fall under 
article 254th of the Portuguese Criminal Code, titled “desecration of dead human body or 
of funerary place”. The article states whoever steals, destroys, or hides a dead human body 
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or part thereof, without permission from the person responsible for the body in question 
(number 1, paragraph a); or desecrates a dead human body or part thereof, practicing acts 
which offend the respect owed to the dead (number 1, paragraph b) is punished with a 
prison sentence of up to two years, or with a fine. 
The Criminal Code does not define who is “responsible”, but article 3rd, number 1, 
of the DL 411/98 lists those with legitimacy to request the practices regulated in that very 
DL (inhumation and cremation), in the following order: whoever is mentioned by name in 
the deceased’s will; the living spouse; a partner in a domestic partnership; any heirs; any 
family members; any person or entity. 
This is an interesting combination of articles, for it seems at first that “destruction” of 
the dead body (and we are thinking, of course, of AH) could indeed take place if, for 
example, a funeral director had been given permission to conduct the process. Should that 
be the case, article 254th would therefore open a precedent to endless forms of body 
disposal, as long as the person responsible for the body had awarded their permission.  
We must look, then, at the second paragraph, which mentions acts which offend the 
respect owed to the dead. It is plausible to think part of the function of this redaction is to 
contain the precedents opened by the previous one—for example, should one give 
permission for their deceased family member’s body to be placed on a mountaintop to be 
eaten by scavenging animals (a practice known as sky burial), the matter would no longer 
fit the redaction of the first paragraph, since permission was present. Nevertheless, if it were 
considered that such practice offended “the respect owed to the dead”, the matter would fit 
the redaction of the second paragraph—constituting, therefore, a crime. 
Because AH is not regulated or mentioned by name in any Portuguese legal 
documents, it is likely, then, that it would fit the text of this paragraph, as long as one was 
able to argue that the practice is more offensive to the respect owed to the dead than 
cremation. As we have presented earlier, this is a common criticism of AH technologies.  
 
2.2. Regulating AH through comparisons with cremation 
 
 There is, nevertheless, an alternative interpretation of the current legal landscape. 
As we have seen, in the USA, most states that have legalized AH have done so by 
classifying it as a form of cremation, due to broad enough definitions of cremation that allow 
alkaline hydrolysis to fit the description. 
 We thought, then, to explore the legal definition of cremation in Portugal, to try and 
understand whether such interpretations would be possible. The DL 411/98 defines 
cremation as “the reduction of a dead human body or bone remains to ashes”. This 
definition, in what concerns the dead body, does not exclude AH—for as we have seen, 
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cremation “ashes” are not literally ashes, but pulverized bone fragments of several 
millimeters (Buschmann, 2014), just like the end product of AH. The reduction of a dead 
human body to “ashes”, then, should be able to be achieved both through fire and water. 
 Nevertheless, the same description predicts “cremation” may be used on bone 
remains as well, a definition which does not fit AH, since it does not dissolve bone. Likewise, 
article 6th of the DL 411/98 defines that, for the intent of “cremation”, dead bodies (and bone 
remains) should be placed inside wood coffins, easily destructible by the action of heat, 
and, as we have seen, AH is not a process which can be completed with the dead body 
encased in a coffin. 
 It is interesting, then, how the legal definition first presented in the DL 411/98 does 
not imply that “cremation” is a fire-based process, but other dispositions in the same 
document end up narrowing that first definition. It’s also worth noting that the previous law, 
the DL 247/82 of June 24, used both “cremation” and “incineration” in its text, the former 
aimed at the disposal of dead bodies, and the latter of bone remains.—therefore unfolding 
the process into two processes one could very easily read as distinct. 
 After this closer look at the Portuguese legislation on cremation, the following is 
clear: we have explored two avenues through which the AH technology could be applied in 
our country, and none of them stands. Without change to current legislation, then, it is clear 
that such a process will not be available. 
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CHAPTER 5 
MEDICO-LEGAL IMPLICATIONS OF THE POTENTIAL ADOPTION OF NATURAL 
BURIAL AND ALKALINE HYDROLYSIS IN PORTUGAL 
 
 This section will focus on the implications, for medico-legal investigations, of the 
adoption of the alternative body disposal practices we have discussed up until now. As we 
have seen, Portuguese law (Decree 44220 and DL 411/98) predicts the possibility of 
conducting exhumations for judicial purposes. These exhumations may be necessary, most 
commonly, for the collection of biological material for paternity testing, or to ascertain cause 
of death in cases where post-burial suspicion arises. It is, of course, not always possible to 
fulfill these goals, but if there is one body disposal practice which assures, for as long as 
possible, the integrity of the human body, that practice is inhumation (either in a grave, in a 
mausoleum, or in a place of aerobic decomposition). 
 Natural burial practices, such as the ones we have explored, place environmental 
sustainability as their main aim, but one of their secondary aims is also the quick 
decomposition of the human body. In that sense, it is reasonable to affirm that the adoption 
of natural burial practices may also carry the unintended consequence of early destruction 
of information that could prove useful in eventual judicial investigations. 
 This is also, of course, the most extreme consequence of cremation, from a medico-
legal standpoint. Portuguese law recognizes this fact, and states that if a body has been 
subject to autopsy, it can only be cremated with permission from the judiciary authority 
(article 17th of DL 411/98). 
 The forensic analysis of cremated remains is, nevertheless, possible, and it most 
often includes assessment of minimum number of individuals and commingling issues, as 
well as personal identification—in cases of suspicion of misconduct by the crematory or 
funeral home, resulting in doubt as to the identity of the remains, for example (Deest, 
Warren e Bolhofner, 2014; Ubelaker, 2009). As we have seen, commercial cremation is a 
two-step taphonomic process that begins by cremating a body (which results in 
morphologically recognizable fragments), and then processing the bone fragments to 
reduce their volume for either placement in an urn or scattering (which results in small, 
unrecognizable fragments) (Deest, Warren & Bolhofner, 2014; Schultz, Warren & Krigbaum, 
2015). It is possible for a highly trained anthropologist or osteologist to perform an 
examination of the cremated remains using microscopy, radiography, and other methods to 
find clues that might lead to identification. Deest, Warren, and Bolhofner (2014), of example, 
were able to recognize craniel fragments approximately 4mm in size in a set of cremated 
human remains. 
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The identification of an individual from cremated remains often comes from one of 
two sources: biological remains, consisting of osseous and dental fragments, and non-
osseous artifacts. Regarding osseous and dental fragments, medical and dental records 
may be provided and used for comparison while examining the remains. The examiner must 
know which aspects of the medical, dental, and mortuary history would be likely to survive 
the cremation process (Warren & Deest, 2014). Some pathological conditions or treatments 
are more likely to produce evidence that others—Warren, Falsetti, Hamilton, and Levine 
(1999), for example, have found evidence of arteriosclerosis in cremated bone fragments. 
Regarding non-osseous artifacts, Warren and Schultz (2002) divide these into five 
separate categories: medical, dental, mortuary, personal and miscellaneous. Identifiable 
medical artifacts that may be recovered include surgical staples used for skin closure, 
surgical wire, or leftover pacemaker pieces. Dental artifacts include fragments from metallic 
crowns and porcelain crowns and caps. Mortuary may include injector needles used in 
embalming, or staples used to construct and secure the coffin in which the body is cremated. 
Personal artifacts may be fragments of jewelry and clothing, such as bra clasps and zipper 
fragments (Warren & Schultz, 2002). Informations as to the artifacts which may be present 
can be asceitained through a questionnaire for the family or funeral home, such as that 
suggested by Warren (2008; cited in Deest, Warren & Bolhofner, 2014). 
More recently, chemical analyses have also been used to determine the elemental 
composition of cremated remains to find signature elements of bone and/or elements 
consistent with the known life history of the decedent (Schultz, Warren & Krigbaum, 2015). 
Radiographic imaging can also be used to locate and identify osseous versus not-osseuous 
material while other radiographic methods, such as XRD (X-ray Diffraction) and XRF (X-ray 
Fluorescence), can illuminate the crystal structure and the chemical signature of cremated 
remains (Deest, Warren & Bolhofner, 2014). 
In almost every case, the evidence for identity is presumptive. This is due to the loss 
of positive lines of evidence such as DNA and fingerprints during the commercial cremation 
process, which occurs at a temperature (and for a duration) that destroys all organic 
materials (Schultz, Warren & Krigbaum, 2015; Warren & Deest, 2014). While there are 
those who purport the possibility of extracting and testing DNA from cremated remains, 
scientific research has yet to support these claims (Deest, Warren & Bolhofner, 2014).  
This absence of DNA impedes, therefore, the resort to cremated remains to 
ascertain paternity, as is so often done with dead bodies which have been buried. The 
absence of the dead body, of course, also impedes attempts at ascertaining cause of death 
from cremated remains. We can see, then, that while cremation stands in the way of these 
two postmortem exams, it does not completely keep examiners from drawing conclusions 
and gathering information. In cases where the identity of the cremated remains is at stake, 
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the analysis can determine whether the remains are consistent with the life history, mortuary 
events, and accompanying materials for the deceased person in question. Findings can 
also support the opinion as to whether or not the remains are consistent with human or 
nonhuman cremated remains (Deest, Warren & Bolhofner, 2014). 
We have established, then, that traditional inhumation and natural burial allow for 
maximum access to biological postmortem information should it be needed for medico-legal 
purposes, although natural burial may contribute to a faster deterioration of the dead body. 
We have explored the possibilities regarding the forensic analysis of cremated remains. It 
stands to question, then: what are the possibilities for alternative techniques such as 
alkaline hydrolysis?  No studies have been conducted on the matter so far, so this is mere 
speculation. We have seen that, according to the available literature, AH eliminates all 
traces of DNA, and fingerprints are, of course, also out of the question. Furthermore, with 
the separation of the body into two AH products (the bone remains, or bone shadows, and 
the liquid effluent), studies must be conducted to understand exactly which aspects of the 
individual are likely—or liable—to survive the AH process.  
Likewise, it is important to know which artifacts are likely to be found on AH remains. 
We have mentioned before that AH is a process which is conducted only on the body, which 
therefore excludes funerary artifacts such as coffin staples or handles. The same can be 
said for jewelry or fragments of clothing, since the body is put into the AH unit unclothed—
and even if it were to be placed clothed, items such as bracelets would probably survive the 
process intact and end up being removed by an AH operator, therefore removing them from 
the AH “ashes”. 
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CONCLUSIONS 
 
 Over the course of this dissertation, we have explored a variety of subjects, all with 
the final aim of drawing conclusions regarding the feasibility of implementing alternative 
body disposal practices in Portugal. We have delved into the history of body disposal 
practices in Portugal, starting in the eventful year of 1835, and analyzed the current state 
of affairs regarding the most common practices in Portugal (ground burial and cremation), 
and the laws that bind them. Having analyzed the environmental impacts associated with 
these practices, we then proposed two alternatives (natural burial and alkaline hydrolysis), 
and analyzed the current legislation in order to understand whether their application would 
be immediately feasible. 
The first conclusion we are able to draw from our legal analysis is that it is not 
currently possible to adopt innovative body disposal practices such as alkaline hydrolysis in 
Portugal. The 1998 attempt to centralize the various laws that regulate body disposal in our 
country may have failed, leaving legal voids that have yet to be filled (the regulation of 
crematories and “places of aerobic decomposition” being a particularly glaring example), 
but the law is still quite clear in its definition of what is allowed, and what is not. It is also 
worth noting, in the case of cemeteries, that these spaces follow their own internal 
regulations, which, while loosely following the guidelines set by the general law, may be 
more or less compatible with innovation.  
Depending on the interpretation, as we have seen, it is even possible that the 
immediate application of a technology such as alkaline hydrolysis could constitute a criminal 
offense. Natural burial, on the other hand, being essentially an adaptation of a practice 
already in use, benefits from a hazier legal status—none of its dispositions are, strictly 
speaking, illegal, but they are often barred by laws and municipal regulations regarding 
cemetery construction. There are, as we have seen, limits to how “natural” a cemetery can 
truly be, and these limits will often clash with the strictest forms of natural burial.  
 Legal histories and frameworks will always influence the possible rate of innovation 
in any given field, and in the present moment, it is clear that alternative body disposal 
practices will not be applicable in Portugal until they are explicitly legalized. There is, 
however, no public pressure for the legalization of such practices, and even cremation, 
which has been legal for a century now, is still struggling to find its place in the mentality of 
many “funeral shoppers”. It is, perhaps, worth wondering whether such innovative practices 
should be legalized prior to their public acceptance, or whether we should wait for public 
consciousness to demand these alternatives before we study their integration in the current 
law. However, as we have seen, in Portugal, legal innovations in the field of body disposal 
have always preceded the public demand for them—which is interestingly echoed by 
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Rumble et al.’s thoughts regarding the shaping of attitudes via practice. According to the 
authors, “dispersal may become more acceptable the more it is practiced” (Rumble et al., 
2014, p. 255), so perhaps there is some merit to thinking of alternative disposal technologies 
as worthy of being adopted before they are called upon, for the practice will follow. 
 It is worth wondering, though, whether the adoption of these practices is as urgent 
as their foreign advocates and the media suggest. Unfortunately, we were unable to draw 
conclusions regarding the specific environmental impact of body disposal practices in 
Portugal—secondary sources dealing with body disposal in Portugal are few and far 
between, and while this dissertation aimed to peruse the ones available, further and more 
detailed study is required to fully understand the impact of the Portuguese way of death. 
 We were able, then, to fulfill our primary aim, but we were unable to ascertain 
whether the practices proposed are necessary in the Portuguese context. The greater part 
of the research we were able to consult focused on the state of groundwater in and around 
Portuguese cemeteries, but we also consider it vital that future studies shed light on the 
following matters: the number of years necessary until skeletonization is achieved, on 
average; the influence of the materials used in ground burial (such as coffins, coffin interiors, 
and clothing) on the decomposition process; the influence of embalming on the 
decomposition process; the influence of soil types on the decomposition process; the 
amount of extraneous materials which are buried along with the deceased. The conclusions 
of these studies should then be used to establish legal and practical guidance for the 
administration of current cemeteries, and the establishment of new ones. It seems, based 
on our research, that an important point of contention would be the current resting time of 
3 years for temporary graves, which both literature and contacts with cemeteries in Lisbon 
and Porto seem to indicate is insufficient to achieve the skeletonization of the dead human 
body. 
Regarding cremation, we consider that the first necessary step, in order to improve 
and increase knowledge of this matter in Portugal, is the collection of accurate statistics 
regarding the number of cremations conducted in the country, per year. It would also be 
useful to collect information on emissions, specifically mercury emissions—for while the 
matter of mercury emissions has been considered a serious problem in some European 
countries, there is currently no way to confirm whether the same problem is experienced in 
Portugal. In the end, this lack of information on the matter of the environmental impact of 
Portuguese crematories results in discussions that are overwhelmingly abstract, a limitation 
that we can recognize in this very dissertation. 
Another limitation worth mentioning is the difficulty of access to primary sources, 
which renders so much of our data incomplete. Many of our requests for information did not 
elicit responses, even when sent multiple times. Furthermore, there is currently no way to 
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acquire information regarding body disposal practices in Portugal in a centralized way—the 
funerary field is very hermetic and fragmented, increasing the difficulty of presenting an 
overview of the Portuguese reality. It may be appropriate, in this context, to recover a 
citation from Catroga (1991, p. 95), who stated that “death is not an ideologically neutral 
matter”. Beard and Burger’s typology of motivations for change within the funeral industry 
(2015), which explores the relative weight of business-based and customer-based 
motivations, offers a good starting point to understand the complexity of the matter. It is vital 
to recognize that the act we have been referring to as “body disposal” exists as a point in 
an intersection of interests, from the public to the private, from the spiritual to the financial. 
The fact that we have approached this subject with scientific and medico-legal aims in mind, 
with the objective of researching the incredibly profane subject that is the environmental 
impact of the way we dispose of the dead members of our community, cannot be discounted 
as yet another interest in this conflict. It cannot be forgotten, also, that a discussion of body 
disposal practices, no matter how seemingly objective, is always, in the end, a discussion 
about consumer access to services in a market that is still adapting to recent legislative 
changes. 
 In this dissertation, then, we have demonstrated the impossibility of adopting 
innovative body disposal practices such as alkaline hydrolysis and “strict” natural burial into 
the current Portuguese legal framework. However, our exploration of the legislation has led 
us to conclude that, should the environmental concerns which plague other western 
countries also be applicable to Portugal (something we were unable to confirm), it is likely 
that the most practical way to abate the environmental impact of the body disposal practices 
currently in use might just be to adapt them. The environmental impact of burial can be 
greatly reduced through the adoption of practices and recommendations brought by natural 
burial, which in turn, are merely a return to a simpler way of disposing of the dead, the way 
it was done “back in the day”. Likewise, the most practical way to reduce the environmental 
impact of cremation will surely include recommendations we have seen during the course 
of this dissertation, such as the removal of all extraneous objects from the body (perhaps 
even including dental fillings) and better monitoring and control of emissions through 
software and pollution abatement systems. 
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